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THE ABSORPTIOX OF SHLPHOXAMIDES IX THE CHICK AXD THE 
CAXARY, AXD ITS RELATIOXSHIP TO 
AXTIMALARIAL ACTHTTY 

P, B. MARSEUVLL 

From the Wellcome Laboratories of Tropical Medicine, London, England 

Received for publication November 8, lO-t-l 

lavestigations on the antimalarial activity of sulphanilamide and its deriva- 
tives against Plasmodium cathemerium infections in canaries and P. gallinaceum 
in chicks have confirmed previous observations that, while most sulphonamides 
show a pronounced actmty against chick malaria, little or no activit 5 ' is found 
against canary infections. It was decided, therefore, to undertake a thorough 
investigation of the rates of absorption and the blood concentrations attained in 
chicks and canaries receiving doses of these drugs. 

KTiile numerous reports on blood concentrations of sulphonamides in man and 
other mammals are available, little work has been done on the fate of these di-ugs 
in birds. Litchfield (1) reported on the distribution of sulphanilamide in chickens 
of unspecified age-and stated that, when administered orally b 3 ' stomach tube or 
in capsules, a large proportion of the dose frequently passed through the gut and 
was evacuated without being absorbed. Bieter et al. (2) give figures for blood 
concentrations in chickens (8-26 weeks old) for sulphanilamide, sulphapyridine 
and sulphathiazole. According to this report, the blood concentration of sul- 
phanilamide remains fairly high for over 24 hours, while that of sulphapjTidinc 
and of sulphathiazole falls nearly to zero after 12 hours. Blood concentration 
time curves for sulphonamides were determined in canaries and ducks by E. K. 
Marshall cl al. (3), who reported that the drugs disappeared more rapidli' from 
the blood of canaries than of ducks. 

it is impossible to collect pure samples of urine from birds. Of the mixed ex- 
creta an indeterminate proportion of the recovered sulphonamide would be un- 
absorbed drug from the gut. Xo excretion expeiiments were therefore done on 
chicks or canaries in the present work. The rate of absorption from the gut was 
inr estigated by determining the amount of residual sulphonamide in the guts of 
birds killed at different times after dosing. 

If it is assumed that sulphonamides act directly upon the malaria parasite 
within the red blood cell, determination of the concentration of drug inside the 
red cell is important. Red cell concentrations or cell-plasma ratios for sulphona- 
mides have not previously been determined in chicks or canaries. Distribution 
betueen uhole blood and serum of humans has been determined b 3 ' Heinemann 
(4), and red cell concentrations in human blood were investigated b 3 ^ Reinhold 
cl al. (5) and by Sise (6). These workers showed that the red cell concentration 
/. varied between different derivatives of sulphanilamide and was not necessariB' 
proportional to the distribution of water between plasma and cells, as was at first 
thought to be the case. 
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Experimental methods. Animals. The chicks used were of a uniform strain 
(Rhode Island Red crossed with Light Sussex) and ivere 7-14 daj-s old (50-100 
gram body iveight). The canaries ivere of varied strain. Even someiiirds of a 
finch variety had to be used, owing to the shortage of canaries. These were not 
readilj' infected by P. calhcmerhm and so were used for absorption tests. Ca- 
naries surviving antimalarial tests were also used after a few weeks rest. In 
spite of these difficulties, and also that the scarcity of birds allowed only one to be 
used for the deteimination of each point on the curves, no serious individual 
variation was experienced. 

Dosage. A single dose of 250 mgm. of sulphonamide per kgm. body weight 
was given for all absorption tests. The drugs were finely powdered and sus- 
pended in water using a little Compound Powder of Tragacanth to aid dispersion. 
The suspensions were administered by mouth from a syringe fitted with 8 cm. of 
thin gutta percha catheter tube (for canaries) or a large bore hj-podermic needle 
with the point cut off (for chicks). In some of the antimalarial tests, drugs were 
given to canaries incorporated in small pellets each weighing about 10 mgm., a 
method advocated bj’- Baranger and Thomas (7). The active ingredient was 
mixed with sufficient powdered glucose to produce the required bulk and massed 
with a little Tragacanth and Syrup of Liquid Glucose. After dosing, the birds 
were allowed no food during the period of the test. Those birds which were kept 
for IG hours were given drinking water. 

The question arose as to the rate of passage of drugs through the gut, and how 
this was influenced by the method of dosage. By dissection, it was found that 
the rigid tube method used for chicks deposited the dose in the crop, while the 
flexible tube used for canaries deposited the dose in the proventriculus. Investi- 
gations of the rate of passage of carmine through the gut when administered by 
the different methods gave the following results: — 

Canary 1. One 10 mgm. pellet of carmine. Carmine appeared in the faeces 
after 1 hour. 

Canary Z. 0.5 cc. carmine suspension bj'- flexible tube. Red faeces passed 
after 4 hour. 

Chick 1. Two 10 mgm. pellets of carmine. Carmine appeared in the faeces 
after 2h hours. 

Chick Z. 1.5 cc. carmine suspension by rigid tube. Red faeces passed after 
2 hours. 

Chick 3. 1 cc. carmine suspension by soft rubber catheter (into the pro- 

ventriculus). Red faeces passed after I5 hours. 

These observations show that the rate of passage of carmine through the gut 
is more rapid in the canary than in the chick. It does not, however, var3' greatly 
with the method of administration, a fact confirmed in antimalarial tests in which 
both dosage by tube and by pellets has been used. 

Defeminaffon qf sulpfionamfdes in. wliole hlood. The birds were, killed in ether 
vapour, and blood was drarni directlj^ from the exposed heart and lain into tubes 
containing a little potassium o.xalate or heparin. The latter was found to be 
more satisfactorj' for canarj' blood, which clots r-ery rapidly. Free and acetylated 
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sulphonamide was determined b5’' the method of Bratton and Marshall (8) using 
0.2 cc. of blood for each determination. Colours were measured in a Hilger 
Spekker ■Photoelectric Absorptiometer using a mirror galvanometer. Standard 
curves were prepared for each sulphonamide derivative by adding known amounts 
of the drug to blood laked in the same proportion as in the tests. 

Determination of sulphonamides in red blood cells. Chicks. The birds were 
killed in ether vapour, and blood was obtained from the heart and oxalated. The 
free sulphonamide in 0.2 cc. of whole blood was determined. About 1 cc. of the 
remaining blood was imn into agglutination tubes graduated at 0.1 cc. intervals. 
The tubes were centrifuged in a Hearson centrifuge at 6000-7000 r.p.m. for 15 
minutes flength of angle-arm, 12 cm.). The volume of whole blood and of red 
cells was noted and the sulphonamide content of the plasma determined, using 
0.2 cc. as for whole blood. The sulphonamide content of the red cells was 
obtained by difference and comparative concentration curves ^^ere plotted for 
whole blood and red cells. 

Canaries. Because of the small volume of blood obtainable from these birds, 
and the readiness with which it clots, the experimental technique had to be 
modified. Immediately before killing, 0.02 cc. of blood was obtained in a blood 
pipette after pricking the leg or ning vein. This sample was run dii-ectly into the 
measured volume of water and used to determine whole blood sulphonamide. 
The canary was then killed. Blood drawn from the heart was heparinized, and 
about 0.2 cc. run into special micro-centrifuge tubes. These tubes were made by 
sealing off at one end short lengths of thick-walled manometer tubing (2 mm. 
bore) and graduating the tubes at intervals of 0,01 cc. Tubes containing blood 
were centrifuged as above and the sulphonamide content of the plasma deter- 
mined, using 0.02 cc. AVhen using 0,02 cc. samples, the volumes of water and 
reagents were reduced accordingly. The volume of final coloured solution was 
0.6 cc. and was read in micro-cells of this capacity. 

Determination of residual sulphonamide in the gut. The entire gut, including 
the crop, was removed, ground to a smooth paste with sand, and suspended in 98 
per cent alcohol. The suspension was boiled gently on a water-bath for 10 min- 
utes, cooled, made up to known volume with alcohol, and filtered through 
IVhatman No. 1. filter paper. The free and total sulphonamide content of the 
alcoholic extract was determined as for blood, except that the precipitate formed 
on adding the trichloroacetic acid, being too fine for removal by centrifuging, was 
removed by double filtration through Whatman No. 3 (extra thick) paper. 
Known amounts of sulphonamide added to ground gut were recoverable hy this 
method within an error of ±6 per cent. 

Antimalarial tests. Chicks. Blood from a bird heavily infected with P. gal- 
linaceum was diluted with noimal saline containing 0.1 per cent of “Liquoide” 
(Roche) to prevent clotting. The dilution was adjusted to contain 100 million 
parasitized red cells in 0.25 cc. Groups of chicks (7-14 days old) were inoculated 
intravenously each with 100 million parasitized cells. Dosage was commenced 
shortly after inoculation, and was continued twice daily for four days. Anti- 
malarial activity was assessed on the fifth day (on which the blood infection of 
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the control birds reached its peak) bj’ comparison of the percentages of i-ed cells 
parasitized. The antimalarial tests on chicks were carried out by L. G. Goodwin, 
to whom tile author is indebted for permission to publish the results. 

Canaries. Groups of birds were inoculated bj' injection into the leg vein of 
diluted canar3' blood infected with P. cathemeriurn. The technique of intra- 
venous inoculation (instead of the more usual intramuscular route) was in the 
e.\pDriraental stages during these tests, and the number of parasitized red cells 
injected was varied between 1 and 10 million, in order to detennine the optimum 
inoculum. Dosage of the birds, usuallj- bj' pellets, n as commenced shortlj' after 
inoculation and continued at twice dailj' intervals for five daj's. Dailj' counts 
were made of the number of red cells parasitized. Antimalarial activitj' vas 
assessed bj- comparing the dela3' in the appearance of parasites in the blood. 

TABLE 1 


Antimalarial aclirity of sulphonamtdc dcrtralhes 


1 

DERIVATnE 

ACTIOS' OS P. CMtl- 

NAcrmi IV cmcks 

fAPPKOXnWTX 1 

DIAIIVE equivalents) 

ACTIOS OS P 
CATHEMERIUM IS 
CAS'\«t5 

Sulphanilanudc 

0 5 

trace 

SuIpbapjTidinc 

trace 

inactive 

Sulphadiazine 

1 0 

inactii’e 

Sulphamezathine 

1.0 

inactive 

Sulphathiazole 

0 5 

inactive 

5-sulphanilamido-quinolino 

trace 

definite 
slight activity 

8-sulphanilamido-quinoline 

trace 

inactive 

8-sulphaniIamido-G-metho\}’-quinoline 

trace 

trace 

2-sulphanilamido-benzamide 

0 1 

inactive 

3-sulphanilamido-benzamide 

0 2 

inactive 

4'Sulphanilamido-ben2amidc j 

0.2 

inactive 

N'-(6'-qumo\alyl)sulphanilamide 

0 2 

1 inactive 


N omcnclaiuTc of drags iesled. The twelve dnigs tested were sulphanilaniide, 
sulphap3widine (supplied b3' hlessrs. Ma3' & Baker, Ltd.), .sulphadiazine, sulpha- 
mezathine, sulphathiazole, 5-sulphanilamido-quinoline (IVinterbottom (9) and 
Bobranski (10)), 8-sulphanilamido-quinoline (IVintei bottom (9), Bobiai'iski (10) 
and Choudhuiy, Das-Gupta and Basu (11)) and S-sulphanilamido-G-methox3'- 
quinoline (Choudh3’r3", Das-Gupta and Basu (11)), 2-, 3- and 4-sulphanilamido- 
benzamides and X'-(6'-quino\al3d)-.suIphanilamide. The benzamide derivatives 
were piepared in these laboratories b3' Dr. J. H. Gorvin (12) and the quinoxahd 
compound b3' Dr. B. Platt (unpublished work). 

Results. Antimalarial Tests. Table 1 shows the acfivit3' of these sulphona- 
mide derivatives against P. gallinaceum and P. cathemeriurn. Sulphadiazine and 
sulphamezathine show considerable activit3' against chick malaria in doses of 50 
mgm. per kgm. bod3' weight, the activit3’' being approximate^’ the same as that 
of a similar dose of quinine. Sulphanilamide and sulphathiazole shoa approxi- 
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mateb half the activitj' of sulphadiazine, and the other sulphonamides show 
smaller fractions or only a trace. 

Against P. calhemeriitm in the canaiy, only sulphanilamide, 5-sulphanilamido- 
quinoline and 8-sulphanilamido-6-inethoxy-quinoline show a trace of activity 
in doses of 250-500 mgm. per kgm. body wei^t. No activity was shon n by any 
of the other derivatives in the dose range given. In tn o birds which received 40 
pellets, each containing 5 mgm. of sulphadiazine, during a period of four days, it 
was found that the number of parasitized red cells remained at less than 0.5 per 
cent as long as the dosage was maintained. The infection increased rapidly, 
however, from the day dosing ceased. The blood concentration of free sulpha- 
diazine in these birds reached peaks of 58 and 107 mgm. per 100 cc. respectively 
during the test. 

Absorption tests. Curves showing the rate of disappearance from the gut, and 
the blood concentrations attained, after single doses equivalent to 250 mgm. per 
kgm. body weight, are reproduced in fig. 1 (chicks) and fig. 2 (canaries). Sulpha- 
diazine and sulphamezathine show the highest and most prolonged blood concen- 
tration curves, while the sulphanUamido-quinolines appear in the blood in very 
small concentrations. In both canaries and chicks, sulphanilamide and 5-sul- 
phanilamido-quinoline show the greatest degree of acetylation. 

The drugs disappear more rapidly from the gut in canaries than in chicks, 
probably partly due to the greater rate of passage through the gut in the former, 
with consequent loss of unabsorbed drug. In canaries, the concentration of drugs 
inside the red cells is in most cases higher than in the whole blood, particularly in. 
the sulphanilamido-benzamide derivatives. In chicks, the red cell concentra- 
tions of sulphadiazine, sulphathiazole, and sulphapyridine are lower than the 
whole blood concentrations, and, generally speaking, the red cell concentration is 
lower, compared w ith the whole blood concentration, than in canaries. 

Discussion. It may be assumed that, in order to inhibit the malaria parasite, 
a drug must come into direct contact with the organism in sufiScient concentration 
for a sufficient length of time. Drugs are administered to the host by mouth and 
are absorbed from the gut into the blood. Since the schizont resides within the 
red blood cell, the drug must pass from the plasma into the red cell before coming 
into direct contact with the parasite. The following factors will therefore influ- 
ence the final concentration of drug surroundmg the parasite; (a) the rate of 
absorption from the gut into the blood; (b) the rate of excretion of the drug from 
the blood through the kidneys ; (c) the extent to which the drug passes into the red 
cell from the plasma; (d) the extent to which the drug is converted to inactive 
derii-atives by metabolic processes (eg. the acetylation of sulphonamides). 

In the present investigation, factors (a), (c) and (d) have been studied directly. 
Infoi-mation on (b), the rate of excretion, can be deduced from the length of time 
that the blood concentration is maintained. The question to be answered then 
is w hether this information can be eorrelated w ith the observ'ed activity of these 
compounds against malaria parasites. 

Considering the chick experiments first, sulphadiazine and sulphamezathine 
aie the most actu e antimalarials. They also produce the highest blood concen- 
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the control birds reached its peak) by comparison of the percentages of red cells 
parasitized. The antimalarial tests on chicks were carried out by L. G. Goodwin, 
to whom the author is indebted for permission to publish the results. 

Canaries. Groups of birds were inoculated by injection into the leg vein of 
diluted canarjf blood infected with P. cathemcriiim. The technique of intra- 
venous inoculation (instead of the more usual intramuscular route) was in the 
experimental stages during these tests, and the number of parasitized red cells 
injected was varied between 1 and 10 million, in order to determine the optimum 
inoculum. Dosage of the birds, usually by pellets, was commenced shortly after 
inoculation and continued at twice daily intervals for five days. Daily counts 
were made of the number of red cells parasitized. Antimalarial activity was 
assessed by comparing the delay in the appearance of parasites in the blood. 


TABLE 1 

Anlimatanal activity of sulphonamide derivatives 


tJERl^ atht: 

1 

Acnov OV P. C\tLI- 
XACEfni IS* cnicks 
(APPRoxnun: suepha- 
, BlAnSX EQU1VALES*TS) 

ACTIOS* OS* P. 
CATHEUEWCU IS* 
CANARIES 

Sulphanilanade 

0 5 

trace 

Sulphapyridine 

trace 

inactive 

Sulphadiazine 


inactive 

Sulphamezathine 

1.0 ! 

inactive 

Sulphathiazole 

0 5 i 

inactive 

S-sulphamlamido-quinoline 

trace 

definite 
slight activity 

S-sulphanilamido-quinoline 

trace 

inactive 

8-sulphamlamido-G-metho\y-quinoline 

trace 

trace 

2-sulphaniIainido-benzamide 


inactive 

3-sulphanilamido-benzamide 

0 2 

inactive 

4-sulphannamido-benzamide 


inactive 

N'-(6'-quinON-alyl)sulphanilamide 

0.2 

i inactive 


Nomenclature of drugs tested. The twelve drugs tested were sulphanilamide, 
sulphapyridine (supplied by INIessrs. May & Baker, Ltd.), sulphadiazine, sulpha- 
niezathine, sulphathiazole, 5-sulphanilamido-quinoline (Winterbottom (9) and 
Bobranski (10)), S-sulphanilamido-quinoline (Winterbottom (9), Bobraiiski (10) 
and Choudhury, Das-Gupta and Basu (11)) and 8-sulphanilamido-6-methoxy- 
quinoline (Choudhyiy, Das-Gupta and Basu (11)), 2-, 3- and 4-sulphanilamido- 
benzamides and X'-(6'-quinoxalyl)-sulphanilamide. The benzamide derivatives 
were prepared in these laboratories bj' Dr. J. H. Gorvin (12) and the quinoxalyl 
compound by Dr. B. Platt (unpublished work). 

Results. Antimalarial Tests. Table 1 shows the activity of these sulphona- 
mide derivatives against P. gallinaceum and P. cathemerium. Sulphadiazine and 
sulphamezathine show considerable actmty against chick malaria in doses of 50 
mgm. per kgm. body weight, the activity being appro.ximately the same as that 
of a similar dose of quinine. Sulphanilamide and sulphathiazole show approxi- 
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mately half the activity of sulphadiazine, and the other sulphonamides show 
smaller fractions or only a trace. 

Against P. cathemerium in the canary, only sulphanilamide, S-suIphaniiamido- 
quinoline and S-sulphanilamido-G-methoxy-quinoline show a trace of activity 
in doses of 250-500 mgm. per kgm. body weight. No activitj’’ was shown by any 
of the other derivatives in the dose range given. In two birds which received 40 
pellets, each containing 5 mgm. of sulphadiazine, during a period of four da 3 ’s, it 
was found that the number of parasitized red cells remained at less than 0.5 per 
cent as long as the dosage was maintained. The infection increased rapidly, 
however, from the day dosing ceased. The blood concentration of free sulpha- 
diazine in these birds leached peaks of 58 and 10/ mgm. per 100 cc. respectivelj' 
during the test. 

Ahsorpiion lesls. Curves showing the rate of disappearance from the gut, and 
the blood concentrations attained, after single doses equivalent to 250 mgm. per 
kgm. body weight, are reproduced in fig. 1 (chicks) and fig. 2 (canaries). Sulpha- 
diazine and sulphamezathine show the highest and most prolonged blood concen- 
tration curves, while the sulphanilamido-quinolines appear in the blood in very 
small concentrations In both canaries and chicks, sulphanilamide and 5-suI- 
phanilamido-quinoline show the greatest degree of acetylation. 

The drugs disappear more rapidly from the gut in canaries than in chicks, 
probably partly due to the greater rate of passage through the gut in the former, 
n ith consequent loss of unabsorbed drug. In canaries, the concentration of drugs 
inside the red cells is in most cases higher than in the whole blood, particularly in 
the sulphanilamido-benzamide derivatives. In chicks, the red cell concentra- 
tions of sulphadiazine, sulphathiazole, and sulphapyridine are lower than the 
whole blood concentrations, and, generally speaking, the red cell concentration is 
lower, compared with the whole blood concentration, than in canaries. 

Discussion. It maj' be assumed that, in order to inhibit the malaria parasite, 
a drug must come into direct contact with the organism in sufiScient concentration 
for a sufficient length of time. Drugs are administered to the host by mouth and 
are absorbed from the gut into the blood. Since the schizont resides within the 
red blood cell, the drug must pass from the plasma into the red cell before coming 
into direct contact with the parasite. The following factors will therefore influ- 
ence the final concentration of drug surrounding the parasite; (a) the rate of 
absorption from the gut into the blood; (b) the rate of excretion of the drug from 
the blood through the kidneys; (c) the extent to which the drug passes into the red 
cell fiom the plasma; (d) the extent to which the drug is converted to inactive 
derii-atives by metabolic processes (e g. the acetylation of sulphonamides). 

In the present investigation, factors (a), (c) and (d) have been studied directly. 
Infomation on (b), the late of excretion, can be deduced from the length of time 
that the blood concentration is maintained. The question to be answered then, 
is whether this information can be correlated with the observed activitj- of these 
compounds against malaria parasites. 

Considering the chick experiments first, sulphadiazine and sulphamezathine 
aie the most active antimalarials. Thej- also produce the highest blood concen- 
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Fig. 1. SuLPHONAMiDE Deiuvatives ia Chicks 

(a) Whole blood concentrations Black areas, free sulphonamide, a hue areas, acety- 
lated sulphonamide 

(b) Comparative eoncentration curves of free sulphonanudc in whole blood (continuous 
line) and in red blood cells (broken line) 

(c) Curves representing percentage of residual sulphonamide in the gut Continuous 
line, free sulphonamide, broken line, total sulphonamide 
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Fig 2 Sulpko.va-mide Debi\ atives in Canaries 

(a) Whole blood concentrations Black areas, free sulphonamidc, nhite areas, acety- 
lated sulphonamide 

(b) Comparative concentration curves of free sulphonamide in whole blood (continuous 
line) and m red blood cells (broken line) 

(c) Curves representing percentage of residual sulphonamide in the gut Continuous 
lino, free sulphonamide, broken line, total sulphonamide 
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trations, which are maintained at a fairly high level for at least 16 hours. In the 
twice dailj' dosage regimen, 16 hours is the longest period between anj' two doses 
(that is, between the evening and following morning doses). Hence, if a single 
dose produces an appreciable blood concentration lasting for 16 hours or longer, 
then, as long as twice dail}' dosage is maintained, the blood concentration will 
never fall to zero. 

Sulphanilamide and sulphathiazole show about half the antimalarial activity of 
sulphadiazine, and tlie blood concentration curves for these compounds are cor- 
respondingly lower. The sulphanilamido-benzamides and N'-(6'-qumoxalyl)- 
sulphanilamide show about one fifth of the 3011^13' of sulphadiazine. The blood 
concentrations are fairl 3 ' low, and, except in 2-sulphanilamido-benzamide, fall to 
zero within 16 hours. The three sulphanilamido-quinoline compounds gave ver}' 
low blood concentration curves, and their antimalarial activity’' amounted to 
only a trace. Sulphap 3 widine shows only slight antimalarial activity, and, 
though it produces an initial high blood concentration, this falls to a low value 
within 7 hours, 

,The red cell concentration in chicks was in most cases the same as, or slightly 
higher than, the whole blood level. Exceptions were sulphadiazine and sulpha- 
thiazole, in which the red cell concentrations were lower; in the case of sulpha- 
thiazole, so low as to appear hardl 3 '^ in agreement with the obserr’-ed antimalarial 
activit3B 

On the whole, however, it may be said that the blood concentration curves for 
these compounds in chicks are in agreement nuth the order of antimalarial 
acthit}'. 

Turning now to the canary experiments, the red cell concentrations for sulpha- 
mezathine and the sulphanilamido-benzamides are much higher than the corre- 
sponding chick curves, though the blood concentration curves fall awa}' more 
rapidly. These drugs are, however, quite inactive against P. cathemerium in 
doses equivalent to the chick doses. It was found, though, that b 3 ' maintaining 
canaries on frequently repeated doses of sulphadiazine, so that the whole blood 
concentration reached peaks of 50 to 100 mgm. per 100 cc., the infection could be 
suppressed just as long as the dosing was continued. It therefore seems that, in 
order to inhibit P. cathemerium in canaries, ver 3 ' much higher blood concentra- 
tions of sulphadiazine must be maintained than are required to inhibit P. 
gallinaceum in chicks. 'RTiether the other sulphonamides would suppress the 
infection in canaries if given in sufficient^ high doses is impossible to determine, 
since tlrey are all more toxic than sulphadiazine. The trace of activit 3 ' shown b 3 ' 
the sulphanilamido-quinolines might be due to the influence of the quinoline part 
of the molecule. 

In conclusion, therefore, the results obtained from these experiments show tliat, 
in chicks, the order of activit 3 ’ against P. gallinaceum is on the whole correlated 
with the order of the blood concentrations attained. In canaries this ma.v or ma 3 ' 
not be so. Even if it is, the levels at which activitx- might be obtained are so 
much higher than the active levels in chicks as to be indeterminable owing to the 
intervention of toxic action. In comparing the antimalarial effects of sulphona- 
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mides in. chicks and canaries, factors other than those alreadj' considered must be 
involved. It has been shown that the concentration of sulphonamide surround- 
ing the malaria parasite in the canai^' red cell is, if anjdhing, higher than that 
surrounding the parasite in the chick red cell. The factors controlling activity 
or non-activity betireen chick and canarj- are therefore probably concerned with 
the direct action of the drug on the parasite. Whether the variation of effect is 
dependent upon the different species of host or of parasite can only be determined 
by further experiment. 

smasARY 

1. Determinations of the absorption from the gut, whole blood concentration 
cun'es (“free” and “total”) and red cell concentration curves (“free”) of sulphan- 
ilamide and eleven derivatives in the chick and the canary show that these drugs 
are absorbed more quickly and are excreted more quickly from the blood in 
canaries than in chicks. Red cell concentration curves are, in most cases, higher 
in the canary than in the cliick. 

2. These drugs show pronounced activity against Plasmodium gallinaceum 
infections in chicks, but are -mostly inactive against P. caihanerium in canaries. 

3. Generally speaking, the degree of antimalarial activity of these drugs in 
chicks may be correlated with the height of the blood concentration curves. In 
canaries, similar concentrations are inactive, but there is evidence that P. cathe- 
merium would be inhibited if a sufScientlj' high blood concentration could be 
maintained. 
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The “mouse-awakening test” has been extensively used for the assay of 
analeptic drugs. The analeptic is injected into the mice either at the same 
time as an anaesthetic, or after the attainment of a standard depth of anaesthesia. 
The reduction of duration of the anaesthesia caused by the drug is used as a 
measure of potency. 

We have had occasion to use the test for the assay of stimulant substances (1) 
and consider that the method we have used for the assessment of analeptic 
activity may be of interest to others. 

Experimental procedure. The method devised by Chakravarti (2) was 
chosen as the basis of the assay. Groups of 10 mice were injected intravenously 
with nembutal (65 mg. per kg.); 0.5 ml. of a solution in saline was given per 20 g. 
mouse. The time was taken uith a stop-watch and recorded. Exactly 20 min. 
after the dose of nembutal, each mouse was injected subcutaneously with 0.5 ml. 
of a solution of the drug to be tested, and laid upon its back. The time taken 
for each animal to turn over into a "sitting” posture was recorded. The time 
of anaesthesia of a mouse was found to depend upon several external influences: 
1, da 3 '-to-day variations of susceptibilitj"; 2, temperature; 3, disturbance pro- 
duced b 3 ' movements of neighbouringmice;4, disturbance produced by injection of 
the analeptic. 

To minimise the effects of individual and da 3 ’'-to-da 3 ' variations, mice of 
approximateb' the same weight and of the same strain were used, and were 
starved over night. As a thermostaticalty controlled room was not" available 
the anaesthetised mice were placed on a shallow metal tra 3 '^ dir'ided into 40 
open compartments, and warmed from below with carbon-filament lamps. 
The compartments, each measuring 5 x 1.6 inches and 1 inch deep, prevented 
the mice from being disturbed b 3 ' movements of their neighbours. 

The mechanical stimulation produced b 3 ' the injection of the dose of analeptic 
was controlled by the use of a group of mice injected with 0.5 ml. of saline, also 
given exactR 20 min. after the anaesthetic. 

In order to be sure that all conditions were controlled from test to test, one 
group of mice was alway.s injected with a standard dose of picrotoxin. All 
doses were given as fractions or multiples of the intravenous L.D.50, determined 
b 3 " Irwin and Cheeseman’s modification of Kai'ber’s method (3). The intra- 
venous route was used for toxieit 3 ' tests because this method gives the mo^t 
precise results. T''»' intravenous toxicitv" figures are not necessarih' proportional 
to the subcutaneous toxicities, but the 3 ' furnish a basis upon which the relative 
analeptic activities of substances ma 3 ' be assessed. 

’ We are indebted to Mr. J. M. Judd and Mr. E. Rogers for valuable technical assistance. 
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Calculation of results. The quantal response method used bj' Chakra- 
varti, in ivhich the percentage of mice awake after a fixed time was plotted against 
the logarithm of the dose of analeptic administered, does not make full use of 
the information provided by the test. In a biological assay, the point at which 
50% of the experimental animals respond has a lower variance than other 
points upon the dose-response cun'e. The data from the analeptic test can be 
treated to make use of the 50% response by application of the “Time-Mortality 
Cun^e” method of Bliss (4). If the probit of the cumulative percentage of mice 
awake at any time is plotted against the time of anaesthesia, a straight line 
graph is produced. Fig. 1 shows the results for two groups of 40 mice, one 



Fig. 1. Log Time — ^Peobit Response Curves for the Awakening of Mice from JCem- 

Butae Anaesthesia 

Controls: 40 mice receiving 0.5 ml. ^r 20 g. 0.85% saline. Picrotoxin: 40 mice receiv- 
ing 0.045 mg. picrotoxin (i intraven. L.D. 50) subcutaneously. 

group injected with saline, and the other with picrotoxin. The percentages of 
mice awake were recorded at 5 minute time intert'als. The time taken for 50% 
of the animals to awaken (the “median anaesthetic time”, or “A.T.50”) can 
be determined from the graph. 

The A.T.50 for control mice varies from day to day, so that absolute values 
of the A.T.50 are useless as estimates of the effect of a drug. Accordingly, we 
have calculated the ratio of the A.T.50 of mice receiving analeptic to the A.T.50 
of control mice in each experiment. This “analeptic ratio” when plotted against 
the logarithm of the dose for a series of experiments yielded the graphs shown 
in Fig. 2. 

Results. The results presented in table 1 show the comparative activities 
of some well-known stimulant substances against nembutal anaesthesia in mice. 
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Fig, 2. Ccnras Shoiiing the Awakening Activitt on Mice under Nembutal Anaes- 
thesia OF Different Dose Le-vels of Five Commonly Used Stimulants 


TABLE 1 

The analeptic activity of some familiar stimulants in mice anaesthetised with nembutal 




1 

1 


ANAIXPTIC RAnO 



SUBSTAKCE 

KOCIS 

50 

(Dose of compound in tenns of L.D.S0) 


i 1 

i 1 

1 

1 

2 

4 

Amphetamine sulphate 

ng. hose/ 

20 f . 

1.0 

1 

i 

0.85 

1 

0.69 

0.44 

0.94 

0.94 


“Methedrine’* hydrochloride 

o.a) 

(2) 

0.94 

(4) 

0.75 

(2) 

P 

(2) 




Leptazol 

g 


(2) 

1.0 

0.69 

0.52 

0.61 

i 

Nikethamide 


■ 

(2) 

P 


(3) 

P 

P 


Picrotoxin 

0.090 

o 

0.86 

0.89 

0.68 

0.39 

0.19 

Triazol . . . . i 

0.15 

■ 

1 

0.7S j 

0.59 

(21) 

0.78 

(2) 

1.0 


strychnine HCl . . 

0.012 

H 

— ! 

0.79 

P 

1 

P 

— 


P = prolongation of anaesthesia. Wherever a figure is the mean of several determina- 
tions, the number of experiments is shown in parentheses. 
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Picrotoxin was by far the most active drug tested, a result which agrees with 
clinical experience in barbiturate anaesthesia, and confirms the results of other 
laboratory tests (5, 6, 7). 

The other analeptics tested showed toxic effects and prolonged anaesthesia 
at dose levels of 0.5 to 2 times the intravenous L.D.50, whereas 4 times the L.D.50 
of picrotoxin exerted a marked stimulant action. However, doses of this 
magnitude produced considerable after-effects. 

The extent of the day-to-day variation to be expected in the estimate of the 
analeptic ratio is indicated by the results of 21 determinations for picrotoxin 
at the L.D.50 dose level, collected over a period of 18 weeks. The mean and 
standard deviation of these results was 0.68 ± 0.20. 

Nikethamide (coramine) prolonged anaesthesia at all dose levels, although 
slight respirator}’ stimulation was occasionally obsen’ed. 

STBUtARY 

1. A modification of Chakra varti’s analeptic test is described, in which 
adequate controls are used in each experiment. 

2. The effects of several iridely-used stimulants upon mice anaesthetised 
with nembutal have been compared. The results have been assessed by an 
application of the “time-response curve” method. 
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Iothoductiox. In the search for trypanocidal substances, derivatives of 
aminopyridine of the types (a), (b) and (c) have been prepared by Sharp (1, 2) 
and found to be inactive. The group R in (a) represents a chain of from 2 to 
10 carbon atoms, and in (b) and (c) an alkyl chain containing from 10 to 14 
carbon atoms. 
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Sharp (3) has recently prepared a further series of monoamidine derivatives 
which we have examined pharmacologically. These substances were designed 
as possible trypanocides but it was found during toxicity tests in mice that N-2- 
pyridylphenylacetamidine (XXIV in table 1) in sub-lethal intravenous doses 
produced an increase in excitability and respiration rate. Large doses caused 
convulsions. Further tests showed that the convulsions were not associated 
with hypoglycaemia and that the compound possessed analeptic actiwty in 
anaesthetised mice. It was therefore decided to varj' the molecule in the hope 
of producing a useful analeptic. 


NH 

(( 

CHj— C— NH- 


XXIV 


The length of chain connecting the two rings has been varied, the pyridyl 
group has been replaced by alkyl groups containing up to 5 carbon atoms and 
substituents have been introduced into the mela- and para-positions of the ben- 
zene nucleus. 

The m- and p-nitrobenzamidines and aminobenzamidines have preHousIy 
been prepared by Easson and Pyman (4); the amino compounds were tested as 
local anaesthetics and found to be inactive. These substances were later tested 
by Broom (5) for toxicity and for their action upon the blood sugar in the rab- 
bit. The present paper records the results of therapeutic and pharmacological 
tests made upon the thirty-six amidines listed in table I. Half of the com- 


* We wish to thank Mr. T. M. Sharp for the preparation of the compounds, and for his 
co-operation and advice. We are also indebted to Mr. J. M. Judd and Mr. E. Rogers 
for valuable technical assistance. 
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pounds (those containing an N-pyridyl group) were tested quantitatively as 
analeptics. All have been tested as trypanocides and a selected few have also 
been tested in canary malaria and hamster leishmaniasis. 

Methods. Toxicity. Groups of mice weighing 13-19 g. were injected in- 
travenously with doses of soluble salts of the amidines dissolved in 0.85% saline. 
A constant volume of 0.5 ml. per 20 g. body-weight was given, and at least 3 
groups of 5 or 10 mice were used for each compound. Mortality was observed 
for 3 days and the L.D.50 and limits of error calculated for each compound by 
the modification of Karber’s method described by Irwin and Cheeseman (6). 

Trypanocidal activity. Mice were infected by intraperitoneal injection of 
0.5 ml. of a suspension of Trypanosoma equiperdum containing 4,000 organisms 
per fil. On the following day, those showing infection in the peripheral blood 
were injected subcutaneously with large doses of the substance to be tested. 
The quantity usually given was equivalent to one intravenous L.D.50 which 
was not lethal when given subcutaneously. In each e.vperiment 5 infected 
mice were kept as controls and the development of infection in all the nuce was 
followed by daily blood examinations untO death. 

Other groups of mice were injected intraperitoneally with a suspension of 
mouse blood containing Trypanosoma cnizi. Animals showing parasites in 
the peripheral blood 10 to 12 days later were grouped in threes and given sub- 
cutaneous doses of the compounds at least twice a day, each dose being equiva- 
lent to 5 of the L.D.50. Daily blood examinations were made and the course of 
infection in each mouse compared with that in the untreated controls. 

Antimalarial activity. Canaries were inoculated intramuscularly with a 
suspension of canary blood infected with Plasmodium cathemerium. Intramus- 
cular doses of compounds VI and XXXII were given 4 or 5 times a day for six 
days, the first dose being injected immediately after inoculation. The largest 
possible doses were given. Blood examinations were made daily and the degree 
of infection compared with that of control birds. 

Leishmanicidal activity. Golden hamsters were inoculated intraperitoneally 
with a suspension of hamster spleen infected with Leislvmania donovani. Three 
months later, the degree of infection of each animal was assessed by the e.xamina- 
tion of stained smeare of biopsied spleen material. Each of the groups of 2 
animals were given 5 daily subcutaneous doses of compounds VII, VIII and 
X\TI approaching the toxic level. A second spleen biopsy was made at the 
end of the treatment and the degree of infection compared with that of the same 
animal before test (Goodwin (7)). 

Action upon smooth muscle. All the compounds were tested upon isolated 
strips of guinea pig ileum suspended in oxj’genated TjTode solution at 37'’C. 
Compounds XVII, XXVI, and XXXVI were also tested upon ileum contracted 
by acetjichoVme, or with Wstamine in atropinised Tyrode solution. Their 
spasmolytic acti\ity was compared quantitatively with that of hexahydrodi- 
phenylacetyldiethylaminoethanol ester HCl (trasentin-6H). 

Action upon the isolated heart. Isolated guinea pig hearts were perfused 
through the coronary vessels with Ringer-Locke solution at 37°C. Doses of 
the amidines were added to the perfusion fluid as it entered the aortic cannula. 
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Action upon blood pressure. The carotid blood pressure of cats or rabbits 
anaesthetised mth nembutal or chloralose was recorded iwth a mercur3" manome- 
ter and solutions of the amidines injected into the jugular vein. In some e.vperi- 
ments the spleen volume was also recorded. 

Action upon respiration. The respiration of anaesthetised cats and rabbits 
was recorded by Gaddum’s method (8). Direct action of drugs upon the 
respiratory centre was dissociated from reflex effects by denervation of the 
carotid sinuses and section of the vagi. 

Action iipon the knee-jerk reflex. In cats under light nembutal or chloralose 
anaesthesia, the knee-jerk was produced and recorded by the method of 
Schweitzer and Wright (9). The effects of intravenous injections of the ami- 
dines were compared with the eflfects of common analeptics. 

Awakening action upon anaesthetised mice. The action of the compounds 
upon mice anaesthetised with nembutal was tested bj’- the method described 
in an earlier communication, Goodwin and Marshall (10)). 

Eesults. The results of the toxicity tests are shown in table 1. 

None of the compounds tested showed trypanocidal, antimalarial or leish- 
manicidal activity. 

Relaxed guinea pig ileum was contracted by concentrations of about 3 X 10"® 
of N-methylphenylacetamidine (X), p-nitrophenylacetamidine CX\')i ^^-2- 
pyridyl-jS-phenylpropionamidine (XXV) and N-2-pyridyl-v-phenjibutyramidine 
(XXVI). The other compounds did not cause contraction in concentrations 
of less than 10"^. All the compounds except 4-p-nitrophenoxj'’-N-2-pj’ridyl- 
benzamidine (XXXIV) pyridine-3-carbonamidine (XXII) and N-benzji-2- 
pyridoneimine (XX) caused relaxation of the histamine-contracted ileum at 
concentrations of 3 X 10"h 


NH 



I 

CHj-CjHs 


4-p-nitrophenoxybenzamidine (XVII) was the most active spasmolytic 
amidine, but it had only ^ of the activity of trasentin-6H against histamine 
spasms of the ileum in atropinised Tyrode solution, and xir of the actiwtj" of 
trasentin-6H against spasms produced by acetjdcholine. Most of the com- 
pounds reduced the amplitude of the beat of the isolated heart (fig. 1 (A), (B), 
(C), (D)) but stimulation occurred with phenjdacetamidine (IX) (Fig. 1) 
(E)), p-nitrophenylacetamidine (XV)i N-methjdphenjdacetamidine (X), and 
a-phenylbutyramidine (XATII). The depressant action of the series XXIII 
to XXVI increased with increasing molecular weight. The effects of X^^II 
(stimulant) and XXV (depressant) were not abolished by atropine. 

The two p^Tidoneimines (XX) and (XXI) and pj'ridine-3-carbonamidine 
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(XXII) always caused a rise of blood pressure in doses of 2 to 5 mg. per kg., 
and N'2-pj’Tidyl-m-nitrobenzamidine (XXZXII) usually did so. The rest of 


TABLE 1 

The toxicity of a series of inonoamtdines (tntrmenous injection into mice) 


compound 

REF. NO. 

vioSO (mo. 
BASE PER 20 G. 

% uvnts OF 

ESKOR 

(P « 0 95) 

m-chlotobenzamidine HNOj 

I 

2.2 

84-119 

p-chlorobenzamidine HCI 

II 

l.S 

86-116 

m-aminobenzamidine HCI 

III 

6 3 

85-118 

p-aminobenzamidine HCI 

IV 

4.5 

86-116 

p-hydroxybenzamidine HCI 

V 

5 4 

86-116 

m-nitrobenzamidine HC! 

VI 

0.93 

86-116 

p-nitrobenzamidinc HCI 

VII 

2 1 

80-126 

3;4-(libydro\ybenzamidine HCI 

vni 

4 4 

92-110 

phenylacetamidine HNOj 

IX 

0 93 

87-115 

N-methylphenylacetamidine HCi 

X 

0.83 

87-115 

K-propylpbenylacetamidine HCI 

XI 

0 28 

78-128 

X-bulylphenylacetamidine HC! 

xn 

0.26 

79-127 

N-amylphenylacetamidine HCI 

XIII 

0.32 

80-125 

N-X'-dimethylphenylacetamidine HCI 

XIV 

0.39 

85-117 

p-nitrophenylacetamidine HCI 

XV 

2.9 

92-109 

p-aminophenylacetamidine HCI 

XVI 

3.2 

84-119 

4-p-nitrophenoNybenzamidine HCI 

XVII 

1.9 

83-120 

a-pbenylbulyramidine HCI 

XVllI 

0 20 

88-114 

2-benzylaminopyridinc HCI 

XIX 

1.8 

85-118 

N-benzyl-2-pyndoneimine i HjSOi 

XX 

0.32 

85-118 

X-S-pbettylelKyl-2-pyndoneimine ^ HiSO. 

XXI 

0.17 

92-109 

pyridine-S-carbonamidine HCI 

XXII 

3 S 

88-114 

X-2-pyridy!benzamidine HCI 

XXIII 

0.61 

79-127 

X-2-pyndylphenylacetamidine HCI 

XXIV 

0.60 

89-113 

X-2-pyridyl-/3-phenylpropionamidine HCI 

XXV 

0.59 

87-115 

X-2-pyndyl--r-phenylbutyraniidine HCI 

XXVI 

0 40 

84-119 

X-2-pyridyl-?n-cbIorobenzamidinc HCI 

XXVII 

1 3 

85-117 

X -2-pyridyl-p-cWorobenzamidine HCI 

XXVIII 

0.98 

85-117 

X-2-pyridyl-Bi-aminobenzamidmc HCI 

XXIX 

1 5 

86-117 

X-2-pyridyl p-atninobenzamidine HCi 

XXX 

1 6 

85-118 

X-2-pyndyl-p-Uydro\ybenzan\idine HCI 

xxxr 

1 9 

92-109 

X-2-pyndyl-m-nitrobenzamidine HCI 

XXXII 

1.4 

86-116 

X-2-pyridyi p nitrobenzamidine HCI 

XXXIII 

3 6 

90-111 

4-p-nitrophpno\y-X.2-pyridy!bei>zamidine HCI 

XXXIV 

0.65 

86-116 

X-2-pyndyl-p-mtroplienylacetaniidine HCI 

XXXV 

0 85 

85-117 

X-2-pyndyl /S-p-mtropbenylpropionamidine 



HCI 

1 XXXVI 

0.56 

86-117 


the compound^, produced a profound fall No significant effect wa.s observed 
upon the spleen volume. 

Mo.st of the pyridyl derivatives stimulated the re.spiration. Stimulation 
uas caused partly by the reflex effects of the fall of blood pressure, but con- 
siderable htiinulafion occurred in animals with denervated carotid sinuses and 



Tig 1 Action of Monoamihines on thf Isolated Pfbflsfd Glinfa Pig Hfart 
Dovsnstrokes = s>stolt At (A) and (D), 005 mg X 2 pjnd>lpkLn>l acotamidme 
|A\IV] At (B) nnd (C) 0 05 mg X 2 pjnd>lphcnjl propionamidine |\WJ At (E), 
0 5 mg pheinl'icetanudmL |I\] 



lie 2 The Effect of X 2 pirid^i m mtrodenzaaiidine (XXXII) upon the Blood 
Pressure and Respiration of a Xembutalised Cat (2 5 Kg ) 

(A) and (B) 10 mg of X 2 P 3 ndj I w nitrobenznmidine intra\enousl> At (C) 
50 mg X 2 p\ rid\ 1 m nitrobcnzamidme intra\enousl 3 Between (A) and (B), the carotid 
sinuses were dener\ated and the \agi cut 
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cut \agi, showing that central activity was also present. Fig. 2 shows the ef- 
fect of compound XXXII which caused respiratory stimulation and a rise of 
blood pressure. Pyridine-3-carbonamidine (XXII) caused no stimulation in 
animals anaesthetised with nembutal or chloralose, and N-2-pyridylbenzamidine 
(XXIII) was slightly depressant, but the X-2-pyridylphenylacet-, propion-, 
and butyramidines (XXIV, XXV and XXVI) weie all stiongly stimulant. 
Fig. 3 shows the effect of compounds XXIV and XXV upon the respiration 
and blood pressure of a decerebrate cat; the lespiiatory effect of XXV is about 



Fig 3 \ction of Pyridyl movo^midines on Respiration and Bioob Prissche 
Decerebrate cat, 25kg*‘'*' 

[KXVl intravenously A_ 
ously At (D), 7 5 mg '■ 

.3 25 mg X 2 pvmljl S phenjlpropionTmnlinc |.XXV| intravenoush 

l\\ ire that of XX1\' C’ompound XXVI w as less actn e than XX^' Compound 
XXIV pioduced marked respnatoty .stimulation in a rabbit deeply depressed 
with moiphine Depression of the knce-jeik leflex always occuiied upon in- 
jection of the monoamidines (hg. 4) .Analeptics such as Icptazol, triazol, 
piciotoNin and amjjhetamine always caused enhancement Nikethamide had 
no effeit 

'I’he analeplie action ot the pyiidjl compounds m mice anaesthetised with 
nemlmtal is show n in table 2 and hg 5 All the aeti\ e compounds tested show ed 
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low activity at low dosage, an intermediate effecti^•e range and a toxic level at 
which anaesthesia was prolonged. The four pyridylamidines shown in fig. 5 
were the most active, but they were effective over a much narrower range of 



Fio. 4 TvnrAi. Action or Mono vmidimis on iiik K.ni.k-Jcrk, Iii,.'5i'iR.A'no\ \m) Iti.ooii 
Pre'isi'iii-: or \kmbi t\i.t.‘>ki) (Nts 

At (A), 5 0 ing. phenylacet.miiclinc iIX| .\( (H), 10 0 mg y-pvritlvl p-iiitrciplienvl- 
.icctamidine I.VXXvj. 

do.se than the analeplic.s leported in our previou.-. paper (10). X-hpnzyl-2- 
pyridoneimine (XX) was the most active siilistanee at low dose levels hut its 
action was erratic. 

CoMMKNTARA’. Tlie.sc lesulf.s (lo iiot .sugge.st any flieraiieutie use for the mono- 
amidine.s, but tlie compounds show several interesting featnies. The lesnlts of 
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the therapeutic tests indicate that a single amidinc grouping is insufficient to 
confer trypanocidal or Icishmnnicidal activity. The results of the recent ex- 
tensive work on the diamidincs show that substances containing two amidinc 
groups are highly active. 

The toxicity in short homologous scries of monoamidlncs (IX to XIII, and 
XXIII to XXVI) increased with increasing molecular weight, and the addition 
of the pyridy! group always increased the toxicity. The results for the vicla 
and para-benzamidine derivatives were in general agreement with the finding 



LOG. DOSE (nTERMSofINTRAVEN.LD.50 

Fig. 5. Curves Showing the Aw.tKENi.xo Activity on Nembctaused Mice of Five 

rYRlDYI. MosoAHIDINBS 


of Broom (5), who states that niela derivatives are less toxic than para deriva- 
tives. A notable exception was the case of the X-2-pyridylnitiobenzamidines 
(XXXII and XXXIII), where the nic/a compound was the more toxic. 

The fail in blood pressure produced by most of the eompound.s wa.s caused 
partly by depression of the heart muscle. In this, the monoamidines differ from 
the diamidincs, which according to Wien (11) have but a transient and variable 
action upon the heart. 

Xcmbutul wa.s chosen as the .standairi anaesthetic tor the experiments upon 
respiratory stimulation and analeptic activity. A few experimenf.s were made 
upon dcceicbratc eats in the examination of compounds XXll to XXYi and 
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TABLE 2 

The analeptic activity of the pyridyl monoamidines in mice under nembutal anaesthesia 






ANALEPTIC RATIO 



COMPOUKD 

REr. KO 

Dose of compound in terms of intra%en. LD.50 



0 125 

0 25 

0.50 

10 

1.5 

20 

40 

2 -benz 3 ’laniinopyridine HCI. 
N-benz 3 d- 2 -pyridoneimine 

XIX 


— 

1 

P 

p 

— 

p 

— 

JH.SO, .... 

N-/3-phenylethyl-2-pyridone- 

XX 

0.93 

(4) 

0.69 

(3) 

O.So 

(3) 

0,82 

(2) 

1 

0.72 

Toxic 

imine | HjSO* 

p3Tidine-3-carbonamidine 

XXI 

0.S3 

(3) 

P 

P 

0,63 

(2) 


P 

To.xic 

HCI . ... 

N-2-pyrid3’lbenzamidine 

xxir 

— 

— 

P 

0,96 


P 

— 

HCI 

N-2-p3’’rid3’lphen3’lacet- 

XXIII 



P 

0,80 

(2) 

1 

P 


ami dine HCI 

N-2-pyridyl-P-plienyl- 

XXIV 



P 

0,95 

(2) 

0.71 

(2) 

P 


propionamidine HCI . 

N-2-pyridyl-7-phonyIbutyr- 

XXV 

1 


P 

0 80 
,=,| 

0.68 

(4) 

0.65 

Toxic 

amidine HCI 

N-2-pyridyl-m-chlorobonz- 

XXVI 

! 


0.83 


1 

P 

P 

amidine HCI 

N-2-pyridyl-p-chlorobenz- 

XXVII 

— 

— 

P 

1.0 

— 

P 

•— 

amidine HCI 

N-2-pyridyl-77i-aminobcnz. 

XXVIII 

— 

1 

P 

0.72 1 

— 

P 

— 

amidine HCI 

N-2-pyrid3d-p-aminobenz- 

XXIX 

— 

— 1 

P 

0.71 

— 

P 

— 

amidine HCI 

N-2-pyrid3'l-p-h3’dro\3’benz- 

XXX 


1 

P 

P 

— 

P 

— 

amidine HCI 

N-2-pyridyl-m-nitrobenz- 

XXXI 

— ' 

— 

P 

P 

— 

0.79 

— 

amidine HCI 

N-2-pyrid3'l-p-nitrobenz- 

XXXII 


1.0 

0.76 

(2) 

0 72 
(5) 

1 __ 

P 


amidine HCI 
4-p-nitropheno\3"-N-2- 

XXXIII 

— 

— 

1.0 

P 

1 

— 

— 

pyrid 3 ’lbenzamidine HCI 
K-2-p3Tidyl-p-nitrophen3'I- 

XXXIV 

— 

‘ 

P 

P 

— 

P 

— 

acetamidine HCI 

N -2-py ri dyl-i3-p-ni tropheny 1 

XXXV 

1 

i> 

i 

0.89 

0.91 

(2) 

P 




propionamidine HCI 

XXXVI 

1 


1.0 

P 


0.86 

(2) 

Toxic 


P prolongation of anaesthesia Wherever a tiguie is the mean of several determina- 
tions, the number of experiments is shown in parentheses. 
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showed essentially the same type of lesult as anaesthetised animals. Pyridine- 
3-carbonamidine (XXII) was isappointing, for it is not unlike nikethamide in 
configuration. Ko stimulant action was shown even in chloralose anaesthesia 
where the respiratoiy effects of nikethamide were considerable. 

In the homologous series XXIII to XXVI, stimulant activity increased with 
molecular weight as far as the propionamidine (XXV). A further increase in 
the length of the chain to the butyramidinc (XXVI) decreased the activity. 
Introduction of nitro groups did not appreciably affect the acute toxicity and 
generally enhanced the analeptic activity of the pyridyl derivatives. Introduc- 
tion of amino, chloro and hydroxy groups did not increase activit 5 '. 

The three compounds XIX, XX and XXI are interesting in that they are 
derivatives of aminopyridine (Sharp (2)) and therefore may be regarded as 
cyclic amidines. N-benzyl-2-pyridoneimine (XX) was the only one of these 
to show appreciable, though erratic, activitj' in anaesthetised mice. 

N-2-pyridyl-m-nitrobenzamidine (XXXII) was perhaps the most effective 
pyridyl derivative tested, because it produced a rise of blood pressure as well 
as respiratory stimulation, and possessed considerable acthdty in anaesthetised 
mice. Reduction of the nitro group to the amine (XXIX) rendered the sub- 
stance less active. 

The depression of the knee-jerk which was produced by all the pyridyl ami- 
dines shows that their central action differed from that of the well-known ana- 
leptics. Alt of the latter except nikethamide caused stimulation of the re- 
flex. 

SUMMARY 

1. Some pharmacological properties of a series of 36 monoamidines have been 
studied. 

2. None of these compounds had any action upon infections of Trypanosoma 
equipcrdnm or Trypanosoma cruzi in mice, and a few selected compounds were 
inactive against hamster leishmaniasis and canary malaria. 

3. Pyridyl monoamidines in general showed respiratory stimulation and ana- 
leptic activity in anaesthetised animals. 

4. Most of the monoamidines caused a fall of blood pressure upon intravenous 
injection, had spasmolytic activity, and also produced a depression of the knee- 
jerk reflex. 

5. It is unlikely that any of the compounds would be of value in therapeutics. 
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One of the oldest and most controversial problems of pharmacology is the 
nature of the “stimulation” appearing in the course of action of central nenmus 
system depressants. Wliether the phenomenon is one of direct excitation, or 
release from inhibition, has been discussed in the case of alcohol, and the inhala- 
tion anesthetics, and recently the barbituric acid derivatives. One of these, 
l-methylpropyl, 2-bromoallyl barbituric acid, “Pemocton,” seemed particularly 
effective in producing a state of mental and bodily hj'peractivity (1), although 
it became evident that other barbiturates acted similarly (2). 

Many barbiturates have been observed in animals to produce such effects as 
preanesthetic excitement, convulsions during anesthesia, or increased reaction 
to painful stimuli when given in subanesthetic doses (3-5, 8-11, 13-17, 29, 30). 
The description by Swanson (5) of the powerful convulsant action of 5,5 (1,3- 
dimethylbutyl) ethyl barbituric acid suggested further inquirj' into the nature of 
this action, and the chemical structure with which it is associated. To afford 
information about the simpler central nervous mechanisms, quantitative record- 
ing of spinal reflexes was used. 

Experiments. Fifteen "spinal” dogs were prepared by transection of the spinal cord 
at the atlanto-occipital space during ether anesthesia. In some cases, the cord was also cut 
at the tenth thoracic segment. Artificial respiration was supplied. Two dogs were decere- 
brated with a knife, two cats were decerebrated with a guillotine. Four dogs under anes- 
thesia with a barbiturate, one with chloralose, were used. One hind leg was immobilized 
with drills through bones, and leg muscles not used were denervated or cut. M. tibialis 
anticus and m. gastrocnemius were connected with isometric levers of the bell-crank or 
torsion-wire type, which wrote on a smoked drum. Nerves for stimulation (femoral, popli- 
teal, tibial) were placed in shielded tubular electrodes and received stimuli from electron- 
tube devices of the relaxation-oscillator type. In recording the knee-jerk, the foot was con- 
nected with an isotonic lever, and the tendon tapped with a solenoid hammer. Pressure in 
the carotid artery was recorded bj' a Hg manometer. The drugs were injected into a 
femoral or jugular vein. Those not obtained’as sodium salts were dissolved in a minimal 
amount of NaOH solution. 

Results. The flexion reflex was elicited by applying single maximal or sub- 
maximal shocks to a sensory nerve at a rate of about thirty per minute. It was 
recorded in m. tihialis anticus. It was augmented, never depressed, in spinal, 
decerebrate, or barbitalized animals by doses of 1 to 5 mgm. per kgm. of 5,5 

* This investigation has been aided by a grant from the Committee on Therapeutic 
Research of the Council on Pharmacy and Chemistry of the American Medical .Association. 
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(1 jS-dimethylbutyl) ethyl B.A. Larger doses caused convulsions, during which 
it was not possible to observe the reflex. This compound is more active than 
caffeine, about one-fourth as active as picrotoxin. It is 250 times weaker than 
strychnine. It has no influence on the contraction of skeletal muscle elicited by 
stimulation of its motor neive, when given in doses which augment the flexion 
reflex. 

The crossed-e.\tension reflex nas recorded in m. gastrocnemius. The injection 
of this barbituric acid augmented the rate at which tension was increased, and 
the height to which it rose. 

The kneet-jerk, in anesthetized dogs, was decreased following 2 mgm. per kgm., 
and was increased after 5 mgm. per kgm. of this barbituric acid. The same 
phenomenon, of reversal of effect with dose, was seen with strychnine. 


TABLE 1 


MORTAUTY RATIOS 


1,3 DlMrrBVlBUTYl. 
ETBYL 

BARBITURIC ACllf 

Rats j 

Rabbits 

Intraptnloneal 

mjcctjon 

latraveaous inKction 

Intrapentoneal 

injection 

Intrapentoneal 

injection* 

mim per kgm 

i 


I 

i 

5 


0/5 



10 


2/6 



20 

1/5 

3/5 

0/5 


25 



3/10 


30 

3/10 

3/3 

7/11 

0/3 

40 

4/6 




50 




1/3 

75 




5/10 

100 




6/8 


Mortality ratio =* 


Number of anim ale dying 
Number of ammale used 


* Immediately follow ing the intr-wenous injection of Amytal, 40 mgm per kgm 


Antagonisms. In the intact animal, 1,3-dimethylbutyl ethyl B.A. pro- 
duces increased alertness, running about, and convulsions, as the dose is increased 
Death follows violent convulsions, with no stage that might be called depres- 
sion appeanng. Table 1 show s the lethal doses for rats and rabbits, in fair agree- 
ment with Swanson and Chen (6). ® 


Previous admimstration of a depressant barbiturate, Amytal, antagonizes 
the convulsant action of 1 ,3-dimethjdbutyl ethyl B.A., and raises the fatal dose 
about three tunes, when the latter is injected intraperitoneally (table 1). When 
this stimulant B A. was injected intravenously in a dose of 30 mgm. per kgm 
in tuo rabbits that had received pentobarbital 25 mgm. per kgm both dkd 
confirming Swanson and Chen (6). 

The reveree antagonism is not marked. An mtraperitoneal injection of 100 
mgm per k^. of pentobarbital is uniformly fatal in rabbits (confirming (TV) 
Although nef lightening of narcosis was seen, a fatal outcome could Mt be 
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prevented, in any of seven rabbits receiving the above dose, with intravenous 
injections of 1 ,3-dimethylbutyl ethyl B.A. in doses of 4 to 15 mgm. per kgm., 
in various divisions. Picrotoxin was found (7) to be an effective analeptic in 
the same circumstance. 

Respiratory activity. In a barbitalized dog, respiration being recorded 
with a pneumograph or spirometer, a dose of 1 ,3-dimethylbutyl ethyl B.A. 
which augments reflex actirdty causes a brief but intense hyperpnea, followed 
by apnea, then by a period of irregular but augmented respiration. It is less 
effective than picrotoxin as a respiratorj' stimulant. 



Fig. 1. Rabbit, Morphine Sulfate, 5 Mgm. per Kgm. Subcutaneously 90 Minutes 

BEFORE the BEGINNING OF THE RECORD 

From the top down: rate of respirations per minute; tidal air in cc.; minute volume in cc. 
Intravenous injeetions. At the first arrow, 1,3-dimethylbutyl ethyl B.A., 1 mgm. per kgm. 
At the second arrow, 0.2 mgm. per kgm., at the third arrow, 0.4 mgm. per kgm. of picrotoxin. 

The stimulant action of this compound on respiration depressed by the admin- 
istration of 5- 10 mgm. per kgm. of morphine sulfate was studied with the Dreser 
method in four rabbits. The effect was about equal to that of picrotoxin 
(fig. 1). 

The action of related compounds. A purely depressant action on the 
flexion reflex was seen with the closely related compounds, 1-methylbutyl ethyl 
B.A. (pentobarbital), 3-methylbutyl ethjd B..4 l. (Amytal), 1-methjdpentyl ethyl 
B.A., 1,3-dimethylpentyl ethyl B.A., and 1 ,4-dimeth3’lpentyl ethjd B.A. 

1 ,3-dimethylbutjd ethyl thiobarbituric acid, intravenouslj' in rabbits, pro- 
duces narcosis, but preceding and following the narcosis, there is a stage during 
which muscular hj'^peractivitj' is present. With minimal effective doses, this 
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may be simply twitching; if the dose is larger, ninning movements and twitching 
are seen, followed by narcosis, and death occurs after deep narcosis as seen "with 
purely depressant barbiturates. The fleidon reflex in the spinal and decerebrate 
animal is only depressed by this compound. 

Compounds with a double bond, l-ethylbutenyl-2 ethyl B.A. has been 
reported to produce anesthesia n-ith convulsions in rats (8). Injected intra- 
venously in rabbits, this compound produces a violent commlsive attack, which is 
followed by a state resembling the narcosis from a depressant barbiturate, but 
twitching of the limb muscles and twisting and turning of the head are frequent. 
Doses up to 20 mgm. per kgm. in spinal and decerebrate dogs had either no effect 
on the flexion reflex, or depressed it. The same results were seen with the 
corresponding saturated compound, 1-ethylbutyl ethyl B.A. 

1 ,3-dimethyl-l-butenyl methyl and 1 ,3-dimethyl-l-butenyl ethyl B.A. have 
been described as causing convulsions (9). These two substances have been 
shown to augment the flexion reflex. The methyl compound is much weaker 
than the ethyl compound, as is found with purely depressant barbiturates. The 
t ,3-dunethyI-l-butenyl B.A. is less active than the corresponding butyl com- 
pound, and the same comparison holds for the 1-methylbutyl and 1-methyI- 
butenyl compounds which are purely depressant. On intravenous Injection in 
rabbits, 1 ,3-dimethyl'l-butenyl ethyl B.A. has a stimulant, convulsive action 
resembling that of the butyl compound. 

Several barbiturates and thiobarbituratcs containing the 2-methylallyl group 
have been described as convulsant (10), when injected in rats. The following 
phenomena are seen with the flexion reflex, n-propyl raethallyl and allyl meth- 
allyl B.A. are purely depressant, the former being the more potent. Di-meth- 
allyl B.A, is stimulant in doses of 25 mgm. per kgm., but depressant if more is 
given, n-propyl methallyl and n-butyl methallyl thiobarbituric acids are 
about equally stimulant. 1-methyIpropyl methallyl and 1-methylbutyl meth- 
allyl thiobarbituric acids are about equally stimulant, but considerably more 
active than the propyl and butyl compounds. 

1-methj'lbutyl ethyl thio B..4. (Pentothal), isopropyl bromallyl B.A. (Xoctal) 
and 1-methylpropyl bromallyl BA. (Pcmocton) caused only depression of the 
flexion reflex. 

Compounds with phenyl guoups. 5-benzyl B.A. has been reported to be 
inactive (11). The corresponding thio B.A. is not highly active; 100 mgm. per 
kgm. gave slight augmentation of the flexion reflex, 270 mgm. per kgm. depressed 
it. Benzyl ethyl B.A. has been described as convulsive in rats, convulsive during 
anestiiesia in cats (11). The spinal fle.xion reflex was slightly augmented by doses 
of 50-75 mgm. per kgm. Phenyl ethyl B.A. (Phenobarbital) and phenethyl 
ethyl B..I. (12) acre purely depressant to the flexion lefiex, but phenethyl ethyl 
thio B.A. was a powerful stimulant. It has been described as producing con- 
vulsions and no anesthesia in rats (13). Diphenyl barbituric acid had no action 
on spinal reflexes, in a dose of 25 mgm. per kgm., which is about the maximum 
tolerated dose for single intravenous injection. Dibenzyl B.A. has been reported 
to give convulsions during anesthesia in mice (14). 

Xiteogcn-sudstituted compounds. Many of these have been described 
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as having stimulant properties (12, 14-17). Only two have been included in 
this study, p-chlorophenyl and p-bromophenjd barbital. They were not highly 
active on the flexion reflex, but showed at times slight augmentation at doses 
around 50 mgm. per kgm. 

Discussion. It is apparent that the spinal flexion reflex inaj' be augmented 
or depressed by a single compound (dimethallyl B..A..), depending upon the 
dose. This reflex can show only depression following the administration of 
compounds that are comoilsive in the intact animal ((l-ethyl-butene-2) eth}'! 
B.A. and 1 ,3-dimethylbutyl ethyl thio B.A.). Although the spinal fle.xion reflex 
is presumably a simpler manifestation of central nervous activity than behavior 
of the intact animal, its use as in these e.xperiments does not readily permit the 
drawing of conclusions about the fundamental nature of the action of drugs on 
motoneurones or at synapses. Concealed inhibitory refle.xes hav'e been described 
(18) for the influence on flexor muscles of stimulation of ipselateral afferent 
nerv'es, and it is conceiv'able that depression of this mechanism by a drug could 
result in augmentation of the typical dominant flexion reflex. 

Ether and chloroform, which are commonly considered to be depressant drugs, 
have been showm to have complex influences on spinal reflexes. Sherrington and 
Sowton (19) showed that contraction of the knee-extensors of the decerebrate 
cat caused by stimulation of a nerve in the opposite leg was converted to rela.xa- 
tion by the administration of chlororoform. Forbes (20) saw a somewhat similar 
phenomenon in the decerebrate cat, in which ether seemed to have conv^erted 
reflex excitation into reflex inhibition. Storm van Leeuwen (21) occasionally 
observed a preliminary augmentation of the flexion reflex in the spinal cat when 
ether was administered, and Blume (22) saw such augmentation when a solution 
of ether was injected intravenously. On the administration of ether by inhala- 
tion to seven spinal dogs, I have seen only depression of the fle.xion reflex. In 
the decerebrate dog, the administration of ether frequently gives a temporal}’ 
increase in this reflex. This might be interpreted as a release phenomenon, 
from depression of higher nervous centers, since the flexion reflex is known to be 
augmented when a decerebrate preparation is made spinal (23). Heinbecker and 
Bartley (24) have studied the effects of ether and Nembutal on the nervous 
system, recording the electrical activ'ity in frog, turtle, and cat nerv’e trunks, 
the superior cervical ganglion of the turtle, the median nerv^e cord of Limuhis 
poIyphemus, and the central nervous sj'stems of the turtle and cat. They con- 
cluded that ether first stimulated and then depressed the excitation and response 
mechanisms, and that Nembutal had a much feebler preliminary stimulating 
action. 

Since the performance of these e.xperiments, Lloyd (25) has shown that the 
spinal flexion reflex probably inv’olves a three-neurone mechanism at least, while 
a two-neurone mechanism may be involv’ed with myotatic refle.xes (stretch reflex, 
knee-jerk). The latter, although simpler in mechanism, may also be subject to 
inhibitory influences, and could show phenomena of “release.” This ispossibly 
the explanation of the augmentation, in the whole animal, of the knee-jerk by 
etliylene and morphine (20). The knee-jerk has been shown to be augmented 
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by conversion from the decerebrate to the spinal state (31). In the experiments 
reported here, it was found that the knee-jerk in the anesthetized dog is reduced 
by small doses, increased by larger doses of two stimulants, strjxhnine and 1 ,3- 
dimethylbutyl ethyl B.A. (See also (26)) It is possible that the smaller doses 
may have increased the activity of the mechanisms inhibiting the knee-jerk, 
before augmenting the excitatory mechanism. 

It is also difficult to associate the stimulant action of these compounds with any 
feature of chemical structure. This action is most intense in the case of 1,3- 
dimethylbutyl ethyl B.A., and completely absent from the effects of most of the 
closely related compounds studied. Dox and Bywater (27) stated that “MTiere 
two branchings occur in the chain, as in 1 ,2-dimethylpropyl and 1 ,3-dimethyl- 
butyl, the situation is complicated by a conmlsive action of the drug.” This is 
controverted by the purely depressant action of the 1 ,3-dimethylpentyl and 1 ,4- 
dimethylpentyl compounds reported here. The 1 ,3-dimethyIbutyI compound 
was included in a study by Clowes, Keltch and ICrahl (28) on the influence of 
barbiturates on Aibacia eggs. No divergence in behavior from that seen nith 
the other compounds is apparent in their results. 

The introduction of a double bond can confer stimulant properties. 2-methyl- 
propyl raethallyl B.A. is depressant (10), while dimethallyl B.A. is stimulant 
and convulsant. l-ethyl-butenyl-2 ethyl B.A. gives anesthesia with convulsions 
m the intact animal, the corresponding butyl compound only depression (8), 
although both are depressant in the spinal animal. IMien marked stimulant 
properties are already present (1 ,3'dimethylbutyl ethyl B.A.), the introduction of 
a double bond did not augment the potency. 

Benzene derivatives of barbituric acid (position 5) seem to be stimulant only 
nhen the substituent group is benzyl, not when it is phenyl or phenethyl, since 
benzyl ethyl B.A., isopropenyl benzyl B.A. (29), and dibenzyl B.A. (14) are 
convulsant, phenjd ethyl, phenethyl ethyl, and diphenyl B.A, are not. 

Thiobarbituric acids are frequently stimulant when the corresponding barbi- 
turic acids are depressant. This is apparent noth the methallyl compounds, and 
vith phenethyl ethjd B.A. and thio B.A. It has been reported for a large series 
of compounds by Cope and Hancock (29), and for 5-n-butyl 2-crotyl thio B.A. 
(30). When the oxygen compound is already highly stimulant (1,3-dimethyl- 
butyl ethyl B.A.), the change for sulfur abolished the stimulant action in the 
spinal animal, but left it for the intact animal. 

Nitrogen substitution seems also to-develop or augment stimulant properties. 
This has been reported by Swanson (15), Tabem and Volviler (16), for mono- 
substitution, and by Bush and Butler (17) for di-substitution. 

It is of interest that a change in structure that increases the potency of a 
depressant compound also usually increases the potency of a stimulant compound. 
Thus 1-methylpropyl and 1-methyIbutyl compounds are more active than 
the propyl and butyl compounds, whether they are the depressant methallyl 
barbiturates (10) or the stimulant methallyl thiobarbiturates. 1-ethyI-butenyl- 
2 ethyl BA. and l-methyl-butenyl-2 B.A. are convulsant anesthetics, the former 
being more toxic, and the same comparison holds for the l-ethy!butyl ethyl and 
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1-methylbutyl ethyl compounds that are depressants (S). 1 ,3-dimeth3-lbiitenyl- 
1 meth 3 d B.A. is a less potent stimulant than l,3-dimeth3-Ibuten3-l-l eth 3 ’] 
BA..; depressant barbiturates with a 5-meth3d group are generall 3 ' less potent 
than corresponding compounds in which this group is ethyl. 

SummjVRY. 5,5 (l,3-dimethylbut3'l) eth 3 'l barbituric acid produces in intact 
animals a state of h 3 ’peractivit 3 ’’ of the central nervous S 3 'stem. Its fatal dose 
can be raised three times by the pre^ous administration of a depressant barbitu- 
rate, but the reverse antagonism is not marked. It augments the respirator’ 
minute volume when this is reduced by barbital or morphine. 

This compound augments the flexion and crossed-extension refle.xes of decapi- 
tate, decerebrate, and anesthetized animals. The knee-jerk of the anesthetized 
dog is reduced by small doses, increased b 3 ’ larger ones. 

All related compounds studied, •with substitution of other alkyl groups for the 

I, 3-dimeth3'lbut3’l group, had a purel 3 ’ depressant action on the spinal flexion 
reflex. 

Conversion from barbiturate to thiobarbiturate may develop central nervous 
stimulant properties, but if these are already apparent in the barbiturate, the 3 ’ 
may be reduced. 

Introduction of a double bond ma 3 ' develop stimulant properties. 

The presence of a 5-benzyl group, but not phenyl or pheneth 3 ’l, favors the 
presence of stimulant properties. 

In several instances, a change in chemical structure which increases the potency 
of a depressant compoimd also increases the potenc 3 ’ of a stimulant compound. 

The spinal flexion reflex may be augmented or reduced b 3 ’ a compound, depend- 
ing on the dose. Phenomena of central nervous stimulation ma 3 ’ be produced 
in the whole animal by compounds •which are purety depressant to the spinal 
flexion reflex. 

This investigation was made possible b 3 ’ the generous gift of compounds by 
H. A. Shonle, D. L. Tabern, W. G. B 3 m’ater, A. C. Cope, and Riedel-de Haen 
& Co. The suggestions of H. A. Shonle, E. E. Swanson, and E. K. Chen are 
also gratefully acknowledged. G. Br 3 ’ant and G. Lehmann assisted in per- 
forming man 3 ’ of these experiments. 
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One of the most active of the series of diamidines referred to in the previous 
paper, viz. 4;4'-diamidinostilbene (stilbamidine) shows a strong blue fluores- 
cence in ultra-violet light and this property has been used (1) to study the 
distribution of the substance in tissues of mice which had received large doses 
of drug subcutaneously. Examination of the blood of trypanosome-infected 
mice under a fluorescence microscope showed that the parasites rapidly absorbed 
the drug after intraperitoneal injection. The fluorescent properties of stilbami- 
dine have also been used for its detection and estimation in biological fluids (2). 
In this method the fluids are spotted on filter paper and adsorption of the drug 
occurs as base, thereby proidding a very delicate test for the presence of stil- 
bamidine which, however, lacks accuracy as a method of estimation. A colori- 
metric method for the estimation of the drug in prepared solutions has recently 
been described (3) and is based on the reaction of glyoxal with the substance in 
alkaline solution. A similar colour test has also been employed (4, 5) for the 
estimation of aromatic amidines. None of the methods are specific for the 
estimation of any member of the series. In order to get further information 
on the fate of diamidines in the animal body and on the best methods of adminis- 
tration and dosage of these substances, a subject which has already been investi- 
gated in trypanosome-infected mice (6) it was necessary to have a satisfactory 
method for estimating diamidines in biological fluids. In the present investi- 
gation this has been accomplished for stilbamidine. The spectrograpliic method 
which we have employed in estimating the drug in plasma and serum possesses 
the great advantage of specificity and should be applicable to those members 
of the series so far found useful in practice, as all have a definite absorption band 
in the near ultra-violet (7). Changes in the character of the absorption spec- 
trum after exposure to light whereby the ethylene linkage of stilbamidine 
becomes saturated, were then readily detected and it is hoped that other changes 
which may occur as the result of the action of animal tissues may also be obsen’ed. 
The levels of stilbamidine in blood-serum have now been determined in mice 
after its administration in a single dose by the oral, subcutaneous, intraperitoneal 
and intravenous routes. The question of the adsorption of the drug b 3 ' red 
blood cells and its precipitation by^ various reagents commonty emploj’ed to 
remove proteins have also been studied. 

Experisiental. The drug was used as the dihj^drochloiide in aqueous 
solution except for intravenous injection when it was dissolved in normal saline. 
The doses employed for each route were approximatelj' the maximum tolerated 
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dose for nonnal mice as well as the minimum curative dose for mice infected 
with T. rhodesimse. The volume of drug solution administered was 0.5 cc. 
per 20 g. mouse for the oral, subcutaneous and intraperitoneal routes, and 0.2 cc. 
per 20 g. mouse for the intravenous. The amounts administered per 20 g. by 
these routes were respectively 8.0, 2.0, 1.0 and 0.2 mgm. (maximum tolerated 
doses) and 1.0, 0.05, 0.05 and 0.025 mgm. (minimum curative doses). Before 
oral administration the mice had fasted overnight and the blood was collected 
at the appropriate time by cardiac puncture after a small flap of skin had been 
reflected over the sternum. The blood was pooled and allowed to clot and the 
serum was then obtained by centrifu^g. Stilbamidine has a depressant action 
on the circulatory system and difficulty was sometimes ex'perienced in nith- 
drawing the normal amount of blood while the effect of the drug lasted. The 
amount of serum used for each estimation was 2.0 cc. but less than this amount 
would suffice when its drug content is hi^. At the start we used mice weighing 
40-50 g. but later we felt justified in using animals showing greater variation 
in weight as it has been shown recently (8) that the blood volume of normal 
animals is proportional to body weight. 

It is necessary to remove protein before estimating the drug in serum. For 
this purpose we tried many precipitants without success as the drug was carried 
down at the same time. Finally we used dialysed iron as suggested for this 
purpose (3). The serum was first diluted with two volumes of water, one 
volume of saline, and the mixture was then heated for 1 minute on the water 
bath before adding one volume of dialysed iron. The supernatant fluid now 
diluted to five times its original volume was removed for estimation. Care 
was taken during the manipulations to exclude light as far as possible since 
stilbamidine is photolabile in aqueous solution. It was found that the solutions 
prepared as described showed no loss of drug when kept 24-hours in the dark. 

The method of estimation is based on the fact that stilbamidine in aqueous 
solution exhibits a strong spectral absorption band with maximum at 329 ma 
log e 4.58' (7). The intensity of absorption at 329 m/x of a suitably prepared 
serum is compared with that of a pure solution of stilbamidine. The clear 
solution obtained after protein precipitation from nonnal serum is never com- 
pletely transparent at 329 ma and this slight absorption has to be considered 
when the stilbamidine content of serum is estimated. For this purpose the sera 
of a number of nonnal mice were used to obtain a correction. Examination 
of these sera showed an extinction (E, log lo/I) in a 4 cm. cell of 0.16 ± 0.04, 
The value 0.16 is used throughout the present experiments as the “unspecific” 
absorption of mouse serum treated as above. This value varies uith different 
animal species. 

Calculation. To estimate the stilbamidine content of serum the funda- 
mental equation Log Io/I(E) = «cd is used. A solution of stilbamidine con- 
taining 1 pg./cc. will show at 329 m/i an e.xtinction of 0.45 in a 4 cm. cell. The 

» TUe moleculaT oxtmetion coelBcient («) is defined in the equation Log I«I = ecd where 
lo and 1 are the intensities of the incident and emergent light, c the concentration of the 
dissoved substance in gram moles per litre and d the thickness of the absorbing layer in cm. 
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prepared serum of a mouse 30 minutes after subcutaneous dosage showed an 
extinction (E) of 0.84 in a 1 cm. cell which is equivalent to 3.36 in a 4 cm. cell. 
Corrected for unspecific absorption this becomes 3.20, and is due entirely to 

3.20 

stilbamidine. The stilbamidine content of the diluted serum is therefore 

0.45 

pg./cc., and five times this amount is in the original serum, viz. 35.5 /jg./cc. 
Numerous preliminarj'' experiments in which known quantities of stilbamidine 
were added to normal mouse sera showed (Table 1) that the method was capable 
of measuring the drug content of serum down to 5 pg./cc. within the limits of 
accuracy of a non-photoelectric spectrographic outfit (± 3.0%). Below a drug 
content of 5 pg./cc. serum the accuracy of the method decreases rapidly due to 
the preponderance of unspecific absorption, and at levels lower than 2ftg./cc. 
the method fails to give more than a qualitative picture. 

Serum levels of drug in mice. In figure 1 are recorded the serum levels 
of stilbamidine in mice over the period 0-120 minutes, after a singlemaximal 
dose given bj' the oral, subcutaneous, intraperitoneal and intravenous routes. 


TABLE 1 

Recovery of Stilbamidine from mouse sera 


AU0T7KT AJQOeO XN fiO. P£S CC. OF SCBOU 

PCICCNTACS X£COVT&£0 

2-S 

90, 110, 140 

5 

102, 98 

10 

111, 102 

15 

103, 101 

20 

105, 106 

25 

100, 99 

50 

96, 99 


Estimations of the amount of drug present in sera were actually made up to 
forty-eight hours after administration but in all cases the amount of drug present 
after two hours was small (not more than 2 yg./cc.). The highest serum level 
always occurred within thirty minutes after injection, and the peak values did 
not vary greatly for the different routes in spite of the difference in size of the 
maximum tolerated doses. It is clear that the drug is rapidly absorbed and 
that appreciable amounts are found in the blood for relatively short periods 
only. Following intravenous injection the highest drug concentration was 
found nithin a few seconds of administration, and decreased rapidly till after 
one hour it was too small for estimation. This rapid disappearance of drug 
from the blood may result from excretion, storage or alteration of stilbamidine 
in the tissues. It is unlikelj', however, that the latter explanation is the true 
one, for it is stated that up to 50% of the amount of drug administered has been 
found in the urine (9). 

When minimal curative doses of stilbamidine for the four different routes 
were given to mice as determined in T. rhodesiense infections of these animals, 
only minute amounts of the drug were found in the serum except immediately 
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after administration by the intravenous route vhen the value was found to be 
15 fig./cc. It is clear, therefore, that very low concentrations of the drug are 
able to destroy the parasites causing this infection. This observation is sup- 
ported by the fact that stilbamidine given in half the tolerated dose subcutane- 
ously is able to give complete protection to mice against reinoculation vith 
light suspensions of the same parasite for a period of three weeks. The amount 



Fio 1. The concentration of stilbamidine in mouse sera during the first two hours 
after dosing by vsnous routes (a) intravenously, (b) intraperitoneally, (c) subcutaneously, 
(d) orally. 


of drug then circulating must be evtremely small. No other e.splanation of the 
protection afforded to mice apart from the presence of the drug can leadily be 
given (10). 

Absorption of stilbamidine by red blood cells. It was shown (2) that 
stilbamidine is leadily adsorbed from solutions by cellulose, animal charcoal, 
powdered lean beef, etc , and the evidence suggested that red blood cells also 
adsorbed it This suggestion has an obvious importance regarding the fate of 
the drug in the body, especially after intravenous administration. We have, 
therefore, investigated the matter at some length under the same conditions as 
described in (2) abo\ c 
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In table 2 are recorded the results of inv^tigating stilbamidine-adsorption 
by red blood cells in defibrinated blood of different species. The e.xperiments 
were all carried out at room temperature. A standard volume of red blood cells 
was obtained by centrifuging blood samples under identical conditions. The 
unwashed red blood cells were in contact with serum and the others were washed 
three times with saline. I^Tien the red cells and drug solutions had been in 
contact for the desired length of time they were separated under the same 
conditions as originalls^ used and the amount of drug in the supernatant fluid 
was estimated directly without further treatment. The results show that under 
the conditions employed adsorption of the drug by red cells occurs, if at all, 
only to a very limited e.xtent. Anj’' loss shown in our experiments could be 
explained by dilution of the supernatant by fluid accompanying the red cells. 

When red blood cells from citrated sheep’s blood (final concentration of 
citrate 0.5%) were used under the same conditions the amounts of drug recovered 
at periods of five minutes, two hours and twenty-four hours from washed cells 


TABLE 2 

Adsorption experiments with Slilbamidine and red blood cells 


XEACriNC SUBSTANCES 

TIME OP 
REACTION 

j T\TE OF BED BLOOD CELLS USED 

Human j 

1 Rabbit j 

I Sheep 

Washed | 

Unwashed | 

[ Washed j 

j Un^'ashed j 






Percentage of drug recozered from solution 


1 cc. red blood cells. 

5 min. 

91 

103 

96:102 

94:102 

90 

94 

5 cc, of 5 mg. per 

1 hr. 

90 

98 

94 

94 



100 cc. of Stilbami- 

2 hrs. 

93 

98 

94:96 

97:94' 

89 

94 

dine in saline 

24 hrs. 

93 

97 

101 

101 

90 

89 


were 94, 96 and 90%, and were 100, 100 and 87% from imwashed cells. In 
order to approach more natural conditions the following experiment was carried 
out vith defibrinated sheep and rabbit blood. 1 cc. samples of unwashed cells 
were mixed with 2 cc. serum and 2 cc. of 5 mgm./lOO cc. of stilbamidine in 
saline. The mi.xtures were allowed to stand for two hours and twenty-four 
hours, respectively, with occasional shaking and the amount of stilbamidine in 
the supernatant fluid estimated after precipitation of protein. The amount 
recovered in both cases was between 90 and 100%. In control e.xperiments the 
drug was mixed with the respective sera in the absence of red cells and estimated 
at the same times as above; the amount recovered after two and twenty-four 
hours was again between 90 and 100%. We also carried out a number of experi- 
ments in which the blood from each mouse in a batch was divided into two 
portions. The amount of drug in the serum was then estimated in one portion 
as soon as clotting had occurred and in the other portion after the serum had 
stood in contact with the clot overnight. There was no appreciable difference 
in the amount of drug present in either case. From these experiments we 
conclude that adsorption of stilbamidine bj-^ red cells does not occur to any 
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appreciable extent. This result is in complete contrast to those pre%'iousty 
recorded (2). 

Precipitation reactions mTH STiEBAjaniNE. During the course of our 
work on the estimation of stilbamidine we found that it was readily remolded 
from solution by a number of protein precipitants, a fact to which attention 
has already been drawn (3). These precipitation reactions have been investi- 
gated in some detail on account of their practical importance. The results are 
shown in table 3. 

The highest concentration of stilbamidine used was 2 mgm. per cc. in water 
and saline, since this is the strength commonly employed in human treatment. 
It w'ill be noted that precipitation occurs over a wider range of concentrations 

TABLE 3 

Precipitation reactions with Stilbamidine 


Mou. smcAumiNE Ef 1 cc. soitmoN 



20 

10 

0.5 

OJS 

0.1 

005 

Human serum 

+ 

+ 


0 

0 

0 

Rabbit serum 

+ 

0 

0 

0 

0 

0 

Mouse serum 

i 4" 

+ 

± 

± 

1 0 

i 0 

Sheep serum 


0 

0 

0 

0 

0 

2 5% sod citrate 

+ 

+ 

4- 

+ 

t 0 

0 

0 5% sod citrate 

+ 

+ 

+ 

+ 

0 

0 

Trichloracetic acid 30% and 
1007o 

+ 1 

+ 

+ 

+ 1 

+ 

"f* 

Perchloric acid 20% 

+ 

+ 

+ 

+ 

0 

0 

Metaphosphoric acid 20% 

+ 

+ 

+ 

+ 

+ 

4' 

10 N/HCl 

+ 

+ 

+ 

+ 

sfc 

0 

X7HC1 

0 

0 

0 

0 

0 

0 

Absolute alcohol 

i 0 

0 

0 

0 

0 

0 


+ = Immediate precipitate. 

cfc = .Appearance of precipitate delayed 

0 = Xo precipitate 


with human and mouse sera than is the case with those of rabbit or sheep. With 
sheep sei-um, however, piecipitation is marked with drug strengths of 4 mgm. 
per cc. or over, a point to w hich we shall refer later. Water or saline in absence 
of drug does not give rise to precipitation with these sera. 

The reaction was investigated quantitatively in the case of human serum 
mixed with an equal volume of 2 mgm. per cc. of stilbamidine solution. It was 
found tiiat the piecipitate consisted of protein and what we believe to be stilba- 
midine ba.'^c since unlike the dihydrochloride used it was insoluble in water but 
soluble in dilute HCl. The piecipitate contained 2.7% of the amount of drug 
added whiio tlie centrifuged supernatant contained 87.5%, accounting for 
90.2%. Estimation of chloride ion in the supernatant was not of much help 
owing to the presence of large quantities already m the serum. When equal 
volumes of 0.5% sodium citiate and stilbamidine solution (2 mgm. per cc.) 
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were mixed the precipitate was found to contain 94% of the added drug and the 
supernatant 3.7%. ^Ye are unable to account for the statement (2) that citrate 
causes no precipitation with stilbamidine. The ciystalline precipitate is almost 
certainly the citrate; it was only slightlj’ soluble in water, readil}’ soluble in 
dilute HCl, and the amount of chloride ion in the supernatant was not altered 
after precipitation. According to Dr. A. J. Ewins, who has a Mide experience 
with diamidines, most salts of the same t 3 ’pe are verj’ insoluble. Trichloracetic 
and metaphosphoric acids precipitate the drug from its solution in veiy low 
concentrations and cannot be used as protein precipitants in estimating the 
drug. Perchloric acid, recently introduced as a deproteinising agent (11), 
may possibly find application in this connection. Normal or basic lead acetate 
in saturated solution does not cause precipitation of the drug. 

Discussion. A spectrophotometric method has been found suitable for 
estimating the amount of stilbamidine in the sera of treated mice. . Estimations 
have been carried out over periods of forty-eight hours after administration by 
four different routes. The doses used were the maximum tolerated, and the 
minimum curative for T. rhodesiensc infections in mice. After the latter dose 
only minute amounts of drug were present in the serum. The peak levels for 
the maximum tolerated doses were found to occur in each case within thirty 
minutes after administration, and were followed bj’ a rapid diminution in the 
amounts present which after two hours were too small for estimation. The 
levels attained by all four routes were approximately the same and support 
the view previously expressed (6), as the result of therapeutic tests in T. rliodc- 
siense infections in mice, that the curative indices are largely’ conditioned by 
the amount of drug tolerated when given by the respective routes. After 
subcutaneous administration the somewhat slower fall in the serum content 
of drug probably also contributes to the high value of the curative index. 
Whether the rapid disappearance of the ding from the sera is due to excretion, 
storage or degradation in the tissues has not yet been determined. 

It has been suggested (2) that 60-80% of the stilbamidine present is adsorbed 
from solution by red blood cells suspended in it. We have been unable to 
obtain evidence that adsorption by’ red cells occurs to any’ appreciable extent, 
either after washing them with saline or when they are left in contact nith 
serum. In the original experiments citrated blood was sometimes used and 
the statement made that citrate does not precipitate stilbamidine from solution. 
We on the other hand found that precipitation is almost quantitative by this 
reagent at certain concentrations in confirmation of previous findings (3). 
Another source of error in the experiments under discussion was the addition 
of a concentrated solution of stilbamidine (strength not stated) to a suspension 
containing sheep serum. Yfe have drawn attention to the precipitation of 
drug which occurs under these conditions. Moreover, these workers did not 
recover stilbamidine from red cells even after haemolysis, which is not surprising 
since if the drug were adsorbed as base (as occurs on filter paper) its insolubility 
in the organic solvents used would prevent ready' e.xtraction. Sulphuric acid 
(1%) was also used for e.xtraction purposes. Stilbamidine sulphate is, however, 
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SO insoluble that this property makes the estimation of the drug as sulphate 
feasible when precipitated from solution by sulphuric acid. 

Our experiments dealing ndth the precipitation of stilbamidine from solution 
by various reagents indicate the ddhculties which are encountered in obtaining 
protein-free filtrates from biological solutions containing the drug. 

SUMMARY 

1. A spectrophotometric method has been described for the estimation of 
stilbamidine in serum. 

2. The drug-levels in the sera of mice treated b3' the oral, subcutaneous, 
intraperitoneal and intravenous routes were estimated at intervals over periods 
of fortj'-eight hours. The drug was rapidly absorbed, the peak values occurring 
in all cases nithin 30 minutes after administration. At the end of two hours 
only minute amounts were present. 

3. No unequivocal evidence was obtained for the adsorption of the drug from 
solution by suspensions of red blood cells. 

4. A series of precipitation reactions nith solutions of the drug and various 
reagents has been described. 

One of us (J. D. F.) is a member of the scientific staff of the Medical Re- 
search Council. 
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Some aromatic diamidines prepared by Dr. A. J. Etoiis, have been found very 
active against various protozoal diseases including trypanosomiasis, kala-azar 
and piroplasmosis. 

In Gambia (1) it was first noticed clinically that solutions of 4:4'-diamidino 
stilbene (stilbamidine) increased in toxicitj’' some hours after preparation: no 
reason for this increased toxicity was given. Later (2), in the Sudan, various 
toxic symptoms were noted in cases of leishmaniasis treated with the same drug. 
It was then sho^vn experimentally (3) that solutions of stilbamidine which have 
been exposed to light become more toxic for mice. Concurrentlj' the therapeutic 
activity of the drug diminishes and this fact has been repeatedly confirmed. It 
has been suggested from e.xperimental evidence (4) that this change was photo- 
chemical in character, involving the addition of water to the ethylenic linkage 
with formation of 4:4'-diamidinophenylbenzylcarbinol. An alternative sug- 
gestion (5) is that l:2:3:4-tetra-(4'amidinophenyl)-cyc/o-butane is formed 
from two molecules of stilbamidine. Other aromatic diamidines with acetjdenic 
or ethylenic linkages also undergo photochemical changes in aqueous solution 
(6), and the changes in the absorption spectra of these solutions indicate that 
the saturation of the double (or triple) bond is the main change taking place (7). 
These photochemical changes are obviously of great importance in the tropics 
and the clinical aspects of the subject have recently been investigated (8). 

It seemed to us of importance for both theoretical and practical reasons to 
investigate the change undergone by the solid substances when acted on by 
light, especially as both solutions and solids become discoloured by its action. 
This communication records the results of these investigations on three diami- 
dines by biological and spectrographic methods. 

Expebisiental. The dihydroohlorides of 4:4'-diamidinostiIbene, 4:4'-diami- 
dinotolane and 4:4'-diamidino-Q:-monomethylstilbene, all of which are known 
to undergo to.xic changes with partial loss of therapeutic acti-vity when exposed 
to light in aqueous solution, were exposed in the solid state to light and air 
under glass in the laboratory for periods of 8-14 months. Samples were taken 
at intervals and examined biologically for to.xicity in mice as well as spectro- 
graphicaUy for any change in either the position or intensities of absorption 
bands. 

The first two substances were colourless at the start while the last had a faint 
yellow tinge. After one week’s exposure all were definitely coloured, and 
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finally stilbamidine became bright yellow while the other two substances became 
yellowish-bronm. 

It has been pointed out by several authors that solutions of stilbamidine, as 
well as the solid, became yellow due to the action of light. The solid, however, 
does not show the phenomenon of phototropy which is exhibited by certain 
stilbene derivatives; nor do its solutions, if the same term may be applied. We 
have found that once the colour change has taken place there is no reversion 
to the colourless state after several months in the dark, 

TABLE 1 


Showing toxicity for mice of solutions of itneiposcd and exposed diamidines 



SOSC XN UGU, Tts 20 CKAU uousi: 

mmm 

lA j 

0.S 

4:4'-Dianudiiio-stiibene 

Unexposed 



S SS 












Exposed 14 



9 9S 


mouths 

8S 



4:4'-Diamidino-tolane 

Unexpoaed 


10 8D 

10 IP 




2S 

9S 


Exposed 8 


10 lOP 

10 lOS 


months 




4 •.4''Diamidino-a-iaouo- 

Unexposed 



5 SS 

methyl-stilbene 


5S 


' 


Exposed 8 


10 2D 

6 SS 



j 2S 

SS 



D «= Died within an hour after injection. 

P = Died within a few days after injection. 
S = Survived for 21 days after injection. 


At the end of 8 months exposure solutions were made of each substance and 
their absorption spectra compared with those of similar solutions of the unexposed 
material. No significant change had taken place in the spectra of any of the 
compounds and no new absorption bands were present. Using a colorimetric 
method (9) the loss of stilbamidine which had become yellow after a few days 
e.xposure was estimated to be about 5% of the original, while it has also been 
found (8) that yellow stilbamidine is not more toxic for mice after 14 daj's 
exposure. 

In the present experiments the yellow stilbamidine resulting from 14 months 
exposure showed a loss of only 5-8% in diSerent samples as determined spectro- 
graphically. The above results suggest that the change occurs within a few 
daj's and is probably only a surface change. The results of toxicity investi- 
gations in mice with three diamidines arc shown in table 1. 
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These results suggest that there has been no significant change in toxicity 
following exposure, and that the maximum tolerated dose of each substance 
is unaltered. In the case of stilbamidine the therapeutic activities of the fresh 
and exposed substances were tested over a critical range in T. rhodesiense infec- 
tions of mice with the results shown in table 2. 

These tests indicate that in the case of the two lowest doses the therapeutic 
activity of the exposed substance has been reduced; a fact which is in agreement 
with the 5-8% decrease in intensity of absorption shown spectrographicaUy. 

TABLE 2 


Therapeutic esperimenis on infected mice with unexposed and exposed stilbamidine 



DOSE XN ircu. FEE 20 CSAU MOUSE 


0.025 

0.01 

0.00S 

Unexposed material 

10 IOC 

15 7R 

8C 

15 3N 

8R 

4C 

Exposed material 

1 

IS IR 

14C 

15 lOB 

SC 

15 ION 

2B 

2C 


C = Cured. 

R = Blood became negative but relapse occurred. 
N = Blood never free from parasites. 


TABLE 3 


Toxicities of yellow and colourless stilbamidine after exposure in solution 



DOSE UCU. FEE 20 C»AM MOUSE 



1 i 

0.1 

Colourless stilbamidine exposed 2 days 



3 3S 

Yellow stilbamidine exposed 2 days I 



3 3S 


D = died in less than 1 hr. 

S = survived for 21 days. 

* Animals survived but were very toxic after injection. 


In order to find out if the yellow stilbamidine undenvent the same toxic 
changes in aqueous solution as the fresh material, 1% solutions of each were 
exposed for 2 days in sunlight and their toxicities tested in mice bj' giving 0.5 cc. 
of a solution of the desired strength intraperitoneally to each 20 gram mouse. 
It will be seen from table 3 that the yellow stilbamidine undergoes the same 
toxic changes as the ime.xposed material when both are e.\-posed in solution 
for two days. This result is in agreement with the view already expressed that 
only a surface alteration has occurred. 
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STJMMAKT 

1. Biological and spectroscopic investigations indicate that the colour change 
occurring in 4:4'-diamidmostilbene, 4:4'-diamidinotolane and 4;4'dianiidino- 
a-methylstilbene following exposure to sun and air in the solid state for periods 
of 8-14 months is not accompanied by significant changes either in toxicity or 
in absorption spectra. 

2. In the case of stilbamidine slight loss of therapeutic activity was noted 
after 14 months only uith minimal doses. 

3. Stilbamidine which has become yellow from e.xposure undergoes the same 
increase in toxicity in solution as the unexposed solid. 

4. The dihydrochlorides of the aromatic diamidines inx’estigated may safely 
be used clinicallj'^ after long e.xposure to air and sunlight as solids. 

One of us (J. D. F.) is a member of the scientific staff of the Medical Re- 
search Council. 
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It has been assumed, mainly on the basis of Butenandt’s (1) work, that luteoid 
activity is a specific property of progesterone. This author stated that an 
or, j3-unsaturated ketone group at Cj is indispensable for luteoid activity and 
indeed that any change in the molecule of progesterone results in its complete 
inactivation. The work of Klein and Parkes (2) showed, however, that these 
rules are not valid since compounds, such as testosterone and methjd-andros- 
tanediol, are likewise capable of producing progestational proliferation of the 
endometrium. On the basis of systematic bioassays nith 45 steroid compounds 
we were able to detect certain correlations between chemical structure and the 
luteoid activity (3, 4). The present communication represents a direct con- 
tinuation of this work and contains data concerning the progestational actmty 
of additional steroids. 

Experimental. All compounds were uniformly assayed on immature female 
rabbits according to the technic of McPhail (5). In order to make all our 
observations comparable, the experimental procedure was exactly identical Vrith 
that used in our pre^dous work (4). 

Table 1 summarizes our observations. In the first column the steroids are 
arranged in the order, and designated by the full sy^ematic chemical names 
recommended by the Encyclopedia of Endocrinology' (6); the common names 
are also mentioned (in italics) wherever such are in general use. The names 
of the chemists who supplied us with these compounds are listed in brackets. 
The second column gives the melting point of the sample we used and, in brackets, 
the melting point of pure samples as recorded in the literature; this helps to 
estimate the degree of purity of the samples empl 03 'ed. The third, fourth and 
fifth columns register, respectively, the total dose administered per animal, 
the number of animals used and the endometrial response obtained at each dose 
level. The degree of progestational proliferation was estimated according to 
the McPhail scale and is expressed as ranging from 0 to + Whenever 

several animals responded differently at the same dose level, the numeral in 
brackets refers to the number of animals which gave an identical response. 
One rabbit unit in this test represents the amount necessary to produce a re- 
sponse of -f- -b to -1 — h -t- and is equal to 0.25-0.5 mg. of progesterone. 

Results. The present experimental series confirms some of our previouslj’ 
described observations concerning the correlations between chemical structure 
and luteoid activity. Derivatives of the etiocholane series are inactive (cpds. 
15, 16, 17). Complete saturation of the molecule is compatible uith luteoid 
activitj' (cpd. 7). At position Cjt a |8-hj'droxj’l is less favorable for luteoid 
activity than an a-hydroxyl (ccmpare cpd. S or “cis-testosterone,” with our 
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previous^ published observations concerning common testosterone). It should 
be kept in mind also that, in general, esterification uith acetic or propionic acid 
increases the luteoid acthdty of such compounds (e.p. that of common or 17 (a)- 
testosterone), ivhile in the present experimental series even the acetate and the 
propionate of cis-testosterone proved to have no definitely positive luteoid 
activity. From this it may be concluded that the cis-testosterone molecule is 
devoid of any appreciable inherent luteoid potency irrespective of the form in 
Avhich it is administered. Among the steroids possessing a ketone group at 
Cn (cpds. 5 , 6 , 7 ) the simultaneous presence of a second ketonic oxygen at Cs 
is more favorable for luteoid acthdty than either a free a- or a free ^-hydroxjd 
in this same position. 

It is of interest to note that none of the i-androstane derivatives, tested in the 
present series, proved to have any luteoid acthdty (cpds. 1, 2, 3). It must be 
kept in mind, however, that those which possess a long side chain at C 17 (cpds. 
2 , 3 ) are necessarily inactive by virtue of this fact, since among all steroids 
examined up to the present time, none proved to have luteoid acthdty if their 
molecule possessed a side chain of more than four carbon atoms at Cw. With 
regard to i-pregnenolone, we wish to emphasize, however, that ovdng to lack 
of material this compound was assayed on one rabbit only and at a compara- 
tively low dose level of 14 mg. The corresponding A'-pregnenolone gives but 
a slight response at a 10 mg. dose level (4) and since methyl ethers are generally 
less active than the corresponding free compounds, the obsenfed inactivity of 
the i-pregnenolone methyl ether cannot be regarded as proof that the i-andros- 
tanes are less likely to possess luteoid actiidty than the corresponding A'-andros- 
tenes. Further i-androstane derivatives are being investigated in this labora- 
tory with the view of clarifjdng this point. 

If we compare non-alkyl-substituted steroids with those possessing a methyl, 
ethyl or ethynyl group at Cii (see reference 4), the following conclusions can be 
drawn: addition of a methyl, ethyl or ethynyl group at Cj? increases the activity 
of compounds which normally possess but slight luteoid properties (e.g. 
A®-androstene- 3(0) ,17(a)-diol, testosterone, ANDROsTANE-3(/3),17(a)-diol). 
Klein and Parkes (2) noted that “methyl-androstanediol (cis)” and “ethyl- 
androstanediol (cis)” give a -f to ++ response at a dose level of 10 mg., while 
“androstanediol” is inactive at the dose of 20 mg.; however, owing to the ambi- 
guity of the terminology used, the true identity of the above mentioned com- 
pounds cannot be established. Lack of material prevented us from assajing 
methyl-AXDR0STANE-3(d) ,17(a)-diol and methyl- AXDROSTANE-3-one-17(a)-olmt 
any dose level lower than 12.5 mg. Since the relationship between dose and 
response is not always strictly quantitative, it is quite possible that smaller 
amounts of these steroids would still prove to be effective. 

We were particularly interested in the fact that ethjTiyl-androstenediol proved 
to bo a yerj’ potent luteoid compound. Since this steroid is an mtermediarj- 
product in the sjmthesis of ethjmyl-testosterone, the practical significance of 
this finding is obvious. In order to evaluate this new luteoid, we decided to 
examine its luteoid, testoid and folliculoid activities comparing them with those 
of cthynyl-tcstostcrone. 



TABLE 1 

Luleoid activity of steroid hormones 
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The luteoid potency of these substances, given either by mouth or subcu- 
taneousl)', was again tested according to McPhail’s method. For oral adminis- 
tration the total amount to be given was dissolved in 10 cc. of oil and 2 cc. of 
this solution were administered daily through a stomach tube. Table 2 indi- 
cates that ethyn 5 d-androstenediol is as potent per os as parenterally and pven 
either way it proves to be only slightly less active than ethynyl-testosterone. 

The testoid assays were performed on male albino rats weighing 40-60 g. 
(average 50 g.). The animals were divided into four groups of 10: two groups 
received respectively 1 and 2 mg. of eth 3 myl-androst€nediol subcutaneously 
daily and the other two groups were similarly treated with ethynyl-testosterone. 

‘ TABLE 2 


Comparalive luteoid assays with ethynyl-androstenediol and ethynyl-testosterone 



DOSE 

EESPOKSE 

Ethynyl-testosterone 

Ethynyl-androstenediol 


mg. 

1 


a) Subcutaneous 

5 

ifc(l) ++(3) ++ to (1) 1 

+ to -{-+(3) -t-!-(2) 

administra- 




tion 


1 

1 


b) Oral adminis- 

10 

+++(2) +++to ++++(1) 

-1-+(1) -f-f to -f-|-K2) 

tration 

5 

++(1) -h-t- to -n-ba) 

+(1) -f to -H-(2) 


TABLE 3 

Comparative testoid assays with ethynyl-androstenediol and ethynyl-testosterone 


KA3£E or C01IPOT7NDS 

DAILY DOSE 

SEUIKAL VESICLES 

PROSTATE 


mg. 

mg. 

mg. 

Ethynyl-androstenediol 

I 

17 (10-25) 

41 (33^8) 



21 (18-26) 

SO (38-62) 

Ethynyl-testosterone 

H 

33 (27-44) 

64 (54-83) 


1 2 

48 (36-60) 

69 (46-92) 


Treatment commenced 24 hours after castration and continued during 10 days. 
The animals were sacrificed on the 11th day; the accessory sex organs were 
removed, fixed in “Suza” and subsequently weighed. The results are sums 
marized in Table 3. It will be noted that the seminal vesicles and prostate- 
are definitely less stimulated by ethynyl-androstenediol than by corresponding 
amounts of ethymyl-testosterone. These results could be e.xpected by analogy 
with other compounds, thus testosterone stimulates the accessory sex organs 
more intensely than A®-ANDHOSTENB-30S),17(a;)-diol (7). It toU be recalled 
that for clinical use the main disadvantage of ethynyl-testosterone as a luteoid 
compound is its comparatively strong associated testoid acti\ity^; hence, the 
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less virilizing ethynyl-androstenediol would appear to be preferable in g 3 Tieco- 
logical practice if its luteoid potency proved to be satisfactory. 

The folliculoid assays were performed on spayed, immature albino rats, which 
were divided into two groups of 10 animals each. After preliminary assays we 
decided to inject ethynyl-androstenediol at a dose of 25 y and ethynyl-testos- 
terone at a dose of 60 y twice daily subcutaneously in cotton seed oil. Treat- 
ment was continued for a period of 10 days during which time the vagina was 
examined to determine whether opening took place. Smears were taken daily' 
in rats in which the vagina opened. On the 11 th day the animals were killed 
and the accessory sex organs (fixed in “Suza”) weighed and histolo^cally ex- 
amined. The results may be summarized as follows; In the group receiving 
ethynyl-androstenediol the vagina opened on the 4th day and the smears con- 
tained only nucleated or comified cells; the increase in uterine weight amounted 
to 140%. In the group receiving ethynyl-testosterone, the vagina remained 
closed throughout the treatment and the increase in uterine weight was only 
50%. On histologic examination the vagina was found to be atropine or muci- 
fied, but not cornified. Thus ethynyl-androstenediol proved to be more follic- 
uloid than ethynyl-testosterone. In this connection it will be recalled that 
A‘-andeosteke-3(0) ,17(a)-diol is more folliculoid than testosterone (8) so that 
our observations nith the corresponding C 17 ethynyl derivatives could be ex- 
pected by analogy. 

On the basis of the above mentioned observations it may be said that ethynyl- 
androstenediol is only slightly less luteoid, but considerably less testoid and 
more folliculoid than ethynyl-testosterone. It may also be stated that the 
addition to a testoid compound of a Cn alkyl group decreases its testoid ac- 
tmty, but increases its luteoid and folliculoid activity and that Cn ethjnyl 
derivatives are as active when given orally as they are subcutaneously. 

SUmiABY 

17 steroid compounds have been studied for luteoid activity. In agreement 
noth some of the already known pharmaco-chemical correlations, it is concluded 
that the addition of a methyl, ethyl or ethjmyl group at Cn markedly increases 
the progestational effect of parent compounds which possess only a slight degree 
of luteoid activity. This general rule has now been demonstrated for testo- 
sterone, dihydro-testosterone, A'-androstene-3(^) ,17(a)-diol and androst.vne- 
3(|S),17(a)-diol. 

Comparative studies concerning three of the main pharmacologic activities 
of ethjmyl-androstenediol and ethynjd-testosterone are reported. These indi- 
cate that ethynyl-androstenediol is only slightly less luteoid than ethvmyl- 
testosterone, but considerably less testoid and more folliculoid than the latter 
compound. The practical significance of these observations is discussed. 

Acknowledgment. The expenses of this investigation were defraj-'ed through 
a grant of the Gelatin Products Corporation, Detroit. The authors are also 
indebted to Professor R. D. H Heard and Dr. M. Hoffman (McGill Universitj*) 



52 


GEORGES MASSON AND HANS SELYE 


and Drs. D. Plolden (Charles E. Frosst & Company), E. Pike (Gelatin Prod- 
ucts Corporation. Detroit) and E. Scholz (Ciba Pharmaceutical Products, In- 
corporated, Summit, N. J.) for the steroids used in these experiments. Our 
thanks are also due to Miss Mila Romanchuck for technical assistance. 

REFERENCES 

(1) Butenandt, a., Bull. Soo. Cliimie Biol., 19, 1477, 1937. 

(2) Klein, M., ANb A. S. Parkes, Proo. Roy, Soc. London, Ser. B, 121, 574, 1937. 

(3) Selye, H., and G. Masson, Science, 96, 358, 1942. 

(4) Selye, H., and G. Masson, This Journal, 77, 301, 1943. 

(5) McPhail, M. K., J. Physiol., 83, 145; 1934. 

(6) Selye, H., Encyclopedia of Endocrinologj', Section I. The steroids. A. W.T. Franks 

(Montreal) 1943. 

(7) Selye, H., and S. Albert, This Journal, 76, 137, 1942. 

(8) Clarke, E., and H. Selye, This Journal, 78, 187, 1943. 



THE TOXICOLOGY OF 1 ,2-DICIILOROETHANE (ETHYLENE) 
III. Its Acute Toxicitt and the Effect of Photective Agents 


LEON A. HEPPEL, Senior Assistant Surgeon 
PAUL A. NEAL, Senior Surgeon 
T. L. PERRIN, Surgeon {Pathology Laboralory) 

K. M. ENDICOTT, Senior Assistant Surgeon (Pathology Laboratory) 

V. T. PORTERFIELD, Junior Chemist 

Prom the Industrial Hygiene Research Laboratory ^ National Institute of Health 
Belhesda, Maryland 

Received for publication February 21 , 1945 


1,2-Dichloroethane (CHjCl-CHja) is a cMorinated hydrocarbon which be- 
came of wartime industrial importance as an intermediate in the manufacture 
of thiokol synthetic rubber. The compound is widely used as a solvent and as 
an insecticidal fumigant. It is a colorless liquid with an odor somewhat re- 


sembling chloroform. It has a specific gravity of 1.257 


20‘’C. 

4 


, a boiling point of 


83.7°C. and an inde.\ of refraction, njo'c-i of 1.44432 (1). Dichlorethane is mis- 
cible trith the ordinary organic solvents and dissolves in water to the extent of 
0.869 gms. per 100 cc. at 20°C. 

The toxic properties of this compound are of interest because of the fact that 
industrial exposures to the vapors take place. Comparatively few pharmacologi- 
cal studies are recorded in the literature. Its narcotic action is said to be of the 
same order as that of chloroform. Lehmann and Schmidt-Kehl (2) carried out 
studies on cats and rabbits and found dichloroethane to be more potent than 
ethyl chloride. The concentrations causing light and deep narcosis were very 
close together. Kistler and Luckhardt (3) anesthetized dogs mth dichloro- 
ethane and found that after 2 minutes of marked salivation and excitement the 
animals became deeply narcotized. Recovery was rapid. Dogs treated with 
the intravenous injection of 0.25 cc./kg. of dichloroethane died whereas 0.125 
cc./kg. did not cause depression or serious after-effects. The strong clouding of 
the cornea of dogs w'hich is caused by this solvent has been studied b}' several 
investigators. The pertinent literature and obser\’ations made in this Labora- 
torj' are considered elsewhere (4). 

Two investigators have reported that mice dying from the effects of single 
inhalation exposures to dichloroethane showed fatty degeneration of heart, liver 
and kidneys (5, 6). Sayers, Yant, Waite and Patty (7) exposed guinea pigs to 
various concentrations of dichloroethane. They found that 6 volume per cent 
caused irritation of the eyes, vertigo, static and motor ataxia, twitching move- 
ments, semiconsciousness and death in 30 minutes. A concentration of 0.12 
volume per cent caused no apparent s>'mptoms, but the animals died 8 hours 
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after the exposure. Pathological effects were congestion and edema of the lung 
and renal degeneration. 

In the present investigation studies have been carried out on the acute toxicity 
of dichloroethane when administered orally, by subcutaneous .injection, by 
intraperitoneal injection and by inhalation. Eight different species of animals 
were tested for the inhalation work. The action of various protective agents 
was studied in mice. It was found that methionine, p-amino benzoic acid, sul- 
fanilamide and aniline protected mice against the lethal effects of dichloroethane 
poisoning. 

Experimental. The dichloroethane was a commercial product of high purity as judged 
by its specific gravity, index of refraction and the results of precision distillation (6 foot 
fractionating column). The material was also checked for the absence of aldehydes 
chloride, free acid, water and substances decomposed b 3 - sulphuric acid. The results of 
tests on the several lots will be published in the next paper of this series. 

The inhalation exposures were carried out in a chamber measuring 4’ x 4’ x 6', which per- 
mitted reasonable numbers of animals of different species to be e.xposed simultaneous!}’. 
Air was drawn through the chamber by means of a vacuum pump at a rate sufficient to renew 
the air every 7 minutes. Dichloroethane was volatilized at a constant rate by passing a 
steady flow of air through the liquid. The vapors joined the main air stream entering the 
chamber. Details of construction and operation are given elsewhere (8) . The concentra- 
tion of dichloroethane in air which was established could be calculated from the rate of 
volatilization and the total air flow through the chamber. The values were checked by 
daily chemical analyses of gas samples taken from the chamber. Dudley’s method was used 
for the determination (9). As a further control procedure, measurements were made at 
hourly intervals with the Raleigh-Jcans interference refractometer. The temperature and 
relative humidity inside the chamber were measured daily. Both were moderate during 
the seasons when the work was done. 

For subcutaneous injection the dichloroethane was dissolved in olive oil, while for intra- 
peritoneal inoculation the material was dissolved in 0.9 per cent sodium chloride solution. 

Diets. The dogs were fed equal parts by weight of ground horse meat and Kippell bis- 
cuits. Rats and mice received Purina dog checkers supplemented with greens. Guinea 
pigs and rabbits received greens, carrots and pressed pellets whose composition is given 
elsewhere (6). The monkeys received Chim crackers, whole-wheat bread, milk, eggs and a 
variety of fruits and vegetables. 

The rats were of Wistarstrain. Mice of various strains from the National Cancer Insti- 
tute were used. 

The animals were observed both day and night after an acute exposure and all autopsies 
were performed soon after death. Sections of liver, heart, lungs, kidney, adrenal glands 
and spleen were taken routinely for microscopic e-xamination. Femurs of some rats were- 
examined. Sections of brain and spinal cord were prepared for rats and dogs. Tissues were 
fixed in 3.7% aqueous formaldehyde, embedded in paraffin, sectioned, and stained with 
eosin-azure and with iron-heraatoxylin-picrofuchsin. Frozen sections of liver and kidney 
were stained for fat by the method of Lillie and Ashburn. (10) . Sections of nervous tissue 
were stained by the Marchi and Weil methods for myelin, and with eosin-azure. 

Result. Part 1. Inhalation exposures to IS. 4 mg. /lifer (approximatelj’’ 
3,000 parts per miUion). 

In table 1 are shown the results of exposing 7 species of animals to 3000 parts 
per million (p.p.m.) of dichloroethane. 

Sixteen rabbits W’ere e.xposed for 7 hours. All but 4 succumbed. Death 
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took place in 5 to 72 houre after the expomire period ended. In the chamber 
some of the rabbits appeared mildly narcotized while others were prostrate. 
There was no evidence of local irritation. After removal to their cages they 
recovered and appeared almost normal for a time, Then their ej'es became 
sunken, the 3 ' developed increasing d 3 'spnea and fell on their sides. Gross autops 3 ’ 
revealed small amounts of peritoneal fluid in about one-fourth of the animals. 
Several showed small amounts of fluid in the chest. All of the animals had 
pulmonary involvement which varied from mild congestion to actual scattered 
hemorrhages. Congestion was noted in the abdominal \nscera. Microscopicall 3 ’ 

TABLE 1 


Morlahty ajlcr single exposures to dichloroethane 


AMMAlS 


AVE«.ACr 

LENGTH 
or EN3?0 
SURE 

«0«tTAUT\ 

At ciid 
of et- 
posure 

TOTAL MOHBEK OT DEATHS 

Da> s after exposure 

1 

2 

3 

4 

5 

3,000 ppm 

1 

1 

iromi 1 

1 hours 1 








Rabbits ! 

16 ! 

3,940 

7 

12/16 

0 

7 

I 11 

12 


i 

Guinea pigs 

U 

sss 

7 1 

14/14 

0 

11 

13 

14 



Hogs 

2 

27,300 

7 

2/2 

0 

0 

2 




Cats 

3 

3,240 

7 

0/3 



I 




Raccoons 

2 


7 

0/2 







Mice 

22 


7 

22/22 

22 






Mice 

19 


2 

19/19 

0 

19 





Rats 

20 

146 

7 

20/20 

0 

19 

20 




Rats 

16 

177 

35 

15/16 

0 

1 

3 

5 

13 

15 

Rata 

15 

257 

1 H 

0/15 








1,500 ppm. 


Guinea pigs 

12 

321 1 

7 

6/12 

0 

1 

4 j 

5 

6 

Mice ' 

20 1 


, 7 

, 20/20 1 

i 4 

20 




Mice ' 

23 1 

170 1 

2 

1 1/23 j 

0 

0 

0 

1 


Rats 

20 


7 

4/20 ' 

0 

2 

2 

4 


Rats 

13 

257 

4 

0/13 







(G rabbits), there was generalized -visceral congestion and slight to moderate 
hepatic necrosis. The architecture of the liver was not disrupted and the de- 
generating and necrotic liver colls were irregularly distributed in the cords. Each 
rabbit show cd fatty degeneration of renal tubular epithelium of .slight degree. 

Fourteen guinea pigs were exposed for 7 hours to 3000 p.p.ni. of dichloroethane, 
which killed all of them within 3 days. During exposure the pigs developed 
an uncertain gait, considerable laciimation, and moisture about the mouth. 
.Vfter exposure the ammah were quite inactixe and breathing became labored. 
.\n oeeasional pig .show ed mucopurulent material coming fi om its nostrils. Posi- 
ti\e lindings on gross autopsy were limited largely to the lungs, with varxdng 
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degrees of congestion and, in some of the pigs, the occurrence of clear pleural 
fluid. Microscopic examination of 11 pigs showed visceral congestion in all of 
them. Liver, lung and adrenal gland were particularlj' affected. Focal necrosis 
of the adrenal cortex was seen in 5 pigs and this was associated with hemorrhage 
in 3 of them. Slight to moderate fatty degeneration of renal tubular epithelium 
was noted in 8 animals. 

On another occasion 8 guinea pigs of comparable size were similarlj’ exposed. 
All but one were dead by the next daj'. Microscopic studj' of tissues from 7 pigs 
showed fatt 3 '^ infiltration of the mjmcardium in all and pulmonary congestion in 
5 of them. Three showed fatty infiltration of conMiluted and collected renal 
tubules. One showed congestion and necrosis of the adrenal cortex. 

Mice which died after e.xposure showed nothing grosslj' e.xcept pulmonarj' 
congestion. Microscopic examination of the tissues of 8 mice showed generalized 
3Tsceral congestion in all and slight fattj' degeneration of the liver in 6. The 
hepatic lesions were patchj’' and without anj’^ recognizable tendencj' to affect 
any particular part of the lobule. 

Twenty young adult rats, mostly males, showed responses to the 7-hour ex- 
posure which varied from mild narcosis to complete loss of consciousness. The 
rats were alive at the end of the e.xposure period but all died during the ne.xt 
48 hours. Grossty, the lungs were moderately congested and there was occa- 
sional pleural and abdominal fluid. 

Tissues of 10 rats were examined microscopically. All show'ed some conges- 
tion of the viscera, particularly of liver and spleen. In 8 of the 10 there were 
scattered foci of degeneration and necrosis in the liver and in 9 there was slight 
to moderate fatty degeneration of this organ. In general the fatty degeneration 
was most prominent in portal areas. Unfortunatety sections of adrenal gland 
were lost. In all 10 there was degeneration of renal tubular epithelium and it 
was questioned whether this was a true ante mortem change. For this reason S 
more rats were exposed on another occasion. Six showed necrosis of the inner 
cortical tubules of the kidnej’S. There rvas hepatic congestion in 4 and 4 showed 
congestion of the adrenal cortex. No lesions were seen in sections of brain, cord 
and sciatic nerve of 10 exposed and 4 control adult rats. 

Pari S. Inhalation Exposures lo 6.4 mg. /liter {approximately 1500 p.p.m,). 
In table 1 is shown the result of a single inhalation exposure to 1500 p.p.m. of 
dichloroethane. There was a liear^j^ mortality among guinea pigs, mice and 
rats of mixed sexes Avhich were in the chamber for 7 hours. MTien the time of 
exposure w'as reduced to 4 hours and 2 hours, the mortality was decreased. 

Repeated 7-hour inhalation exposures on consecutive daj's were then given to 
a group of animals (table 2). All of 29 rats died bj^ the end of the fifth exposure. 
Twenty-one of these were females. Their fur became roughened after the first 
exposure and they developed an uncertain gait. There was failure of appetite 
and bloodj' crusts appeared about the nose. Some of the rats developed transi- 
tor 3 ' coaree tremors. After 3 exposures the animals la 3 ' on their sides most of 
the time and moved with difficulty. Their respirations while in the chamber 
were extremelyshallow. 
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At autopsy gross hemorrhage into the adrenal gland was a frequent finding. 
The lungs showed congestion and, in a few cases, hemorrhage. Microscopic 
study of 5 rats showed visceral congestion. In 4 others there ^7as focal extra- 
vasation of blood in the lungs. Each rat showed degeneration and necrosis of 
renal tubular epithehum. The liver of one animal showed slight to moderate 
fatty degeneration. Unfortunately, sections of adrenal gland of all except 2 
rats were lost. Both of these showed marked congestion with hemorrhage. 

On another occasion microscopic sections were prepared from tissues of 12 
rats which were simiiaTly exposed. This time pulmonary congestion was noted 
for only 2 animals. Eight showed fatty degeneration of the myocardium of 
significant degree when compared with tissues of 6 control rats. Only 2 show’ed 
adrenal congestiori. Degeneration or necrosis of the inner cortical renal tubules 
was noted for 7 rats. Three rats showed hepatic necrosis. 

Nine young male guinea pigs all died after a few exposures. The animals 
showed lacrimation and inactivity while in the e.xposure chamber. At autopsy 

TABLE 2 


ilorlalily after repeated exposures to IBOO p.p m fjdtchloroeihane 






TOTAL NtniBi:* or deaths 

AKntALS 


AV*E&AC£ 

WXlGlIt 

MOS- 

TAUXY 

dumber ot exposure days 


i 



2 

2 

3 

4 

5 

6 




i 







Rats 

29 

125 

29/29 

0 

5 

i 17 

1 26 

29 

i 

Rabbits 

5 

1,640 

4'/6 

1 

1 

1 

2 

4 


Guinea pigs 

9 

250 

9/9 

1 

6 ’ 

8 ■ 

9 



Dogs 

3 


2/3 

0 

0 

0 

0 

1 

2 

Hogs 

2 

32,300 

2/2 

1 

2 






there was generalized lisceral congestion which particularly involved the lungs. 
Microscopically, each of 7 pigs showed fatty infiltration of the myocardium. 
Four showed pulmonary congestion. Congestion of the adrenal cortex was 
noted in 2 pigs. All showed fatty infiltration of the renal tubules. 

Five young rabbits, 4 females and 1 male, received repeated exposures to 
1500 p p.m. of dichloroethane. They appeared to be in good condition as far 
as one could observe, yet one after the other died — always during the night. 
Four were dead after 5 exposures. One rabbit survived 30 exposures. 

Three male dogs were subjected to repeated exposures, each lasting 7 hours. 
After the second exposure two of the dogs refused to cat and became listless. 
After 4 exposures the same 2 dogs were quite ill. There was occasional emesis 
and the passage of red, watery htooh which later became tarry. There were 
terminal transient conimlsions and the dogs died in coma. One animal suc- 
cumbed after 5 exposures and the other after C exposures. 

.\utopsy examination of the first dog showed congested lungs and a congested 
liver. The esopiiagus was markedly reddened at its cardiac end. The stomach 
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was full of changed blood, its mucosa was swollen and angr}" appearing and there 
were minute points of hemorrhage. The small bowel was congested while the 
large bowl was actuall}’^ hemorrhagic. Microscopically there were auricular 
thrombosis with degeneration of auricular myocardium, pulmonary thrombosis 
with hemorrhage and edema of lung, moderate centrolobular fatty degeneration 
of the liver and focal degenefation of renal tubular epithelium. 

The stomach of the second dog showed thickened rugae and marked conges- 
tion, but there were no bleeding points and it did not contain blood. Colon 
and lungs were also congested. Microscopically there was pulmonary conges- 
tion and hemorrhage, and very slight centrolobular fatty degeneration of the 
liver. 

The third dog was able to survive 30 exposures without incident. Its appetite 
remained good and it appeared well. Gross and microscopic e.xamination after 
sacrificing the animal showed nothing except the characteristic corneal opacity. 

Histological sections of the brains of the 3 dogs showed only slight congestion. 

Part S, Results of exposure to lower concentrations. This Mil be the subject 
of another paper, for the work is not yet completed. The effect of repeated e.x- 
posures to dichloroethane on other functions such as the hematopoietic system, 
or renal function and on hepatic function will also be reported at a later date. 
It may be stated here that repeated 7-hour e.xposures to 1000 p.p.m. were rapidly 
fatal to guinea pigs, rats and mice. Babbits, cats, monkeys and dogs were able 
to survive much longer but eventually most of them succumbed. At 400 p.p.m. 
dogs and puppied remained in good condition for 8 months. Rabbits survived 
for nearly 100 exposures but eventually died. Guinea pigs and rats succumbed 
quickly. At 200 p.p.m. monkeys and rabbits appeared unaffected after 126 
exposures, but deaths still occuired among guinea pigs and rats. Inhalation 
exposure studies using a concentration of 100 p.p.m. are in progress. 

Part 4. Subcutaneous, oral and intraperitoneal injections. Table 3 gives data 
on the acute toxicity of dichloroethane for mice when administered oraUy, sub- 
cutaneously and intraperitoneally. We did not feel that it would be useful to 
gather more data of this kind on a larger series of animals because the results 
appty to only one particular strain of mice. The susceptibility of different 
strains obtained from the National Cancer Institute varied Mdely. 

Table 3 also shows the acute toxicity of dichloroethane for young, adult Wistar 
rats receiving a single dose of the material subcutaneously. In another e.xpen- 
ment repeated daily subcutaneous injections of 0.38 gms./kg. of dichloroethane 
dissolved in an equal volume of olive oil were given to 10 rats. The animals 
weighed between 70 and 90 gms. The rats lost weight, appeared listless and 
unkempt, and showed crusts about the nose. Nine of them died after the follow- 
ing number of injections respectively: 5, 6, 6, 13, 15, 15, 15, 15, 17. 

Part 5. Effect of protective agents. Table 4 shows the effect of various chemical 
agents in protecting mice against death from inhalation of dichloroethane. 
The material being tested for protective action was given by stomach tube 
between 30 and 60 minutes before beginning the inhalation exposure to 400 p.p.m. 
of dichloroethane. For each test a separate group of control mice were used. 
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because in different experiments the strain of mice was not always the same 
The "unprotected” mice received w’ater, gum tragacanlh solution or saline in 
order properly to match the various evperimcntal groups. Moat of the deaths 
occurred between 3 and 18 hours after the mice left the exposure chamber. 

It will be noted that p-aminobenzoic acid afforded effective protection when 
given orally at a level of 2000 mg /kg. A dose of 1000 mg./kg. gave a smaller 
and quite variable degree of protection. Anthranilic acid (o-amino benzoic 
acid) was ineffective at 1000 mg /kg. and higher doses could not be used because 
of its own toxicity. The sameheld true for benzoic acid and sulfanilic acid. Sul- 
fanilamide at a level of 1000 mg./kg. and aniline at a level of 500 mg./kg. were 


TABLE 3 

Acute loxtcUy of dtchloroelhane for mice and rats 


SPECttS 

AVERAGE 

WEIGHT 

POSE 

SOtVENT 

STRENGTH 

or 

SOEimON 

! 

Rntlf j 

1 

WngTALlXY 
\ rv R 10 
PAYS 

MORTALITY 

Mice 

grant 

20 0 

£» /If 

0 5 

Olive oil 

per cent 

10 0 

oral 

0/6 

per cent 

0 

Mice 

W 0 

0 6 

Olive oil 

5 0 

oral 

2/10 

20 

Mice 

19 2 

0 7 

Olive oil 

5 0 

oral 

6/10 

60 

Mice 

20 0 

0 8 

Olive oil 

5 0 

oral 

6/10 

60 

Mice 

20 3 

0 9 

Olive oil 

5 0 

ora! 

10/10 

100 

Mice 

20 0 

0 25 

Olive oil 

50 0 

s c 

0/10 

0 

Mice 

21 0 

0 38 

Olive oil 

50 0 

8 C 

8/10 

SO 

Mice. 

21 0 

0 75 

Olive oil 

50 0 

5 C, 

10/10 

100 

Mice 

24 9 

0 25 

Saline 

0 6 

1 p 

1/15 

7 

Mice 

21 6 

0 38 

Saline 

0 6 

1 p 

5/16 

31 

Mice 

21 1 

0 44 

Saline 

0 6 

I p 

7/10 

70 

Mice 

20 7 

0 50 

Saline 

0 6 

* P 

12/15 

80 

Mice 

20 0 

0 62 

Saline 

0 6 

) p 

25/25 

100 

Rats 

119 0 

0 38 

Olive oil 

50 0 

B C. 

0/4 

0 

Rata 

89 0 

0 50 

Olive oil 

50 0 

S C 

3/10 

30 

Rats 

88 0 

0 75 

Olive oil 

SO 0 

S C 

5/10 

50 

Rats 

95 4 

1 00 

Olive oil 

50 0 

S C 

7/10 

70 

Rats 

87 5 

1 25 

Olive oil 

50 0 

sc 

S/10 

80 


protective. A group of amino acids were also tned Of these, only methionine 
gave consistently good protection Expenment No 5 indicates that methionine 
was more effective than p-amino benzoic acid. 

Methionine was also found to protect mice against the effects of intraperi- 
toncal injection of dichloroethane. The mortality among 44 mice was 100 per 
cent when 0.5 cc. per kilogram of dichloroethane was injected. Seven out of 10 
mice given an oral dose of 1500 mg /kg of methionine surrdved the subsequent 
injection of dichloroethane. 

Discussion. The data recorded here are in agreement with the somewhat 
scanty literature. Dichloroethane has been shown to be one of the more toxic 
of the halogcnatcd hydrocarbons. With high concentrations of the vapor in air 
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TABLE 4 


The influence of chemical agents on the inhalation toxicity of dichloroethane for mice 


EXPERI- 

MEKT 

NtTKBES 

ilATEXIAL USED 

D05C 

VOLUME 

IN- 

JECTED 

NUMBEB 

or 

sacE 

TOTAL NUMBER OT DEAIIIS 


Days after exposure 

VOS- 

TAUTV 

0 

J 

2 

7 

10 



mg./ls. 

cc.lht. 







per eenl 

1 

! Methionine 

ISOO 

50 

8 

0 

0 

0 

0 

0 

0 


Methionine 

750 

25 

8 

0 

2 

2 

2 

2 

25 


Water 


50 

8 

3 

6 

6 

6 

6 

75 

2 

1 1 

Methionine i 

1500 

50 

10 

0 

0 

0 

0 

0 

0 


Cysteine -HCI 

1500 

50 

10 

0 

1 

3 

3 

3 

30 


Water 


50 1 

10 

1 

5 

7 

7 

7 

70 

3 

Methionine 

1500 

50 

10 


0 

0 

0 

0 

0 


Homocystine 

2000 

50 , 

10 


3 

3 

3 

3 

30 


1% Gum Tragacanth 


SO 

10 


9 

9 

9 

9 

90 

4 

Methionine 

1500 

SO 

9 

1 

1 1 

1 

1 

1 

1 

11 


Water 


50 

9 

o 

7 

9 

9 

9 

1 100 


S-Methylisothiourea - 



1 

H 







sulfate 

500 

30 

9 


9 

9 

9 

9 

100 


Aniline 

500 

25 

8 

a 

1 

1 

1 

1 

12 

5 

p-Amino benzoic acid 

i 2000 

25 

8 

1 

0 


6 

6 

6 

75 


p-Amino benzoic acid 

690 

! 8.6 

9 

1 


8 

8 

8 

91 


Methionine 

1500 

! 50 

8 

0 


0 

0 

0 

0 


Methionine 

750 

; 25 

8 

0 


6 

6 

6 

75 


Ascorbic acid 

2000 

! 25 

8 

5 


8 

8 

8 

100 


Sodium Chloride 

850 

! 25 

1 

8 

6 


8 

8 

8 

100 

6 

Cysteine-HCl 

1 

1500 

50 

8 

1 

2 

3 

3 

3 

3" 


Cysteine -HCl 

, 750 

25 

8 

4 

6 

6 

6 

6 

75 

j 

Glycine 

1500 

i 50 

8 

4 

5 

5 

6 

6 

75 

i 

Water 


50 

8 

5 

6 

6 

6 

6 

75 

1 

7 , 

p>Amino benzoic acid 

500 

1 

i 5 

9 

1 

5 

6 

6 

6 

66 


Methionine 

500 

20 

9 

0 

2 

3 

3 

3 

33 


Sodium Cliloride 

500 

50 

9 

2 

7 

8 

8 

8 

89 

s 

p-Amino benzoic acid 

2000 

20 

20 

0 

4 

4 

4 

4 

20 


Nothing 



20 

14 

18 

18 

18 

18 

90 

0 

p-Amino benzoic acid 

2000 

20 

15 

1 

4 

4 

4 

4 

27 


Nothing 



15 

5 

11 

11 

11 

11 

73 

10 

p-Amino benzoic acid 

2000 

i 50 

5 

0 

0 

0 

0 

0 

0 


Anthranilic acid 

1000 

25 

8 

1 

7 

7 

s 

8 

100 


Sulfanilic acid 

1000 

25 

8 

! 3 

8 

8 

8 

8 

100 


p-Amino benzoic acid 

1000 

25 

8 

0 

4 

4 

4 

4 

50 


Sodium Chloride 

850 

25 

8 

3 

6 

c 

6 

6 

75 
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0 

1 

2 

7 

10 



"r /*t 

u/tt 







per cenX 

11 

p-Amino benzoic acid 

2000 

50 

8 

0 

0 

0 

0 

I 

12 


Anthranilic acid 

1000 

25 

8 

2 

7 


7 

7 

88 


Sulfanilic acid 

1000 

25 

8 

5 

8 

■S 

8 

8 

100 


p-Amino benzoic acid 

1000 

25 

8 


0 






Sodium Chioride 

850 

25 

8 


6 

D 

■ 

■ 

88 

12 

Aniline 

500 

25 

8 

1 

D 

H 

11 

11 

12 


Anthranilic acid 

1000 

50 1 

8 

8 

8 


D 

D 

1 100 


Water 


50 

8 

4 

8 


8 

8 

100 

13 

Sulfanilamide 

1000 

40 

10 

0 

0 


1 

1 

10 


Cystine 

2000 

40 

10 

0 

7 

8 

8 

8 

80 


Homocystine 

2000 

40 

10 

0 

3 

4 

4 

4 

40 


1% Gum Tragacanth 


40 

30 

2 

10 

10 

mm 

mm 

100 


Nothing 



Id 

8 

le 

16 

16 

16 

100 

U 

p-Amino benzoic acid 

2000 

20 

15 

0 

0 



0 

0 


1 Methionine 

1500 

50 

15 

0 

0 



Kl 

0 


Benzoic acid 

1 2000 

20 

15 

8 

13 

13 

13 

13 

87 


I Nothing 

1 

1 

15 

4 

9 

9 

m 

IH 
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pulmonary congestion was a nearly constant finding. IQdney and liver injury 
was decidedly mild when compared wth the effects of acute exposure to carbon 
tetrachloride or chloroform. Many of the animals developed adrenal cortical 
lesions. 

It must be admitted that the exact mechanism of death in acute dichloroethane 
poisoning remains obscure. The situation is not comparable to delayed death 
in chloroform poisoning because no severe toxic hepatitis was noted. Some of 
the fatalities could be adequately accounted for on the basis of acute pulmonary 
edema. In other instances, however, the pulmonary lesions were minimal. 

Various chemical agents were shown to protect mice against death from di- 
chloroethane poisoning. These included methionine and various compounds 
containing an amino group in a benzene ring. The required dosage of protective 
agent was largo. Many compounds, because of their oivn toxicity could not be 
admmistcred m amounts comparable to those used for methionine and p-araino 
benzoic acid. For this reason no detailed study of the relation between chemical 
structure and effectiveness against dichloroethane poisoning was possible. Fur- 
ther work is under way which, it is hoped, will lead to the development of an 
agent useful in subacute dichloroethane poisoning. 

It is of interest to point out that a protective action against other halogenated 
hydrocarbons has been attributed to some of these compounds. Leach and 
Forbes (11) found that sulfanilamide, sulfathiozolc and sulfapyridinc protected 
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rats against acute carbon tetrachloride poisoning, ■whereas sulfanilic acid was 
ineffective. Martin, Thompson and Accoustic (12) found that methionine was 
an effective detoxicant for tetrachlorethylene in mice; C3’stine and cj'steine were 
less effective. 

The protective action of methionine was emphasized in another paper of this 
series dealing with the influence of dietarj' factors on dichloroethane poisoning 

(13) . Weanling rats were prepared for several weeks on a diet low in protein 
and choline and high in fat. Almost all of these rats, if untreated, would die 
after a 4-hour e.xposure to 1,000 p.p.m. of dichloroethane. Methionine or cys- 
tine, given orally just before the exposure, protected the lives of most of them. 
Choline was ineffective. Supplements of methionine added to the deficient diet 
w’ere also protective. 

Recently there was published a human case cf carbon tetrachloride poisoning 
which, in the opinion of the authors, responded to treatment ■ndth methionine 

(14) . Unfortunatelj’' there is no indication from our animal e.xperiments that 
methionine could be used therapeutically in acute dichloroethane poisoning. 
Thirty-nine adult rats were exposed for 7 hours to 3,000 p.p.m. Two were dead 
at the end of the exposure period. Seventeen of the remainder received 1500 
mg./kilogram of methionine intraperionteallj', 11 received water and 9 were 
given glycine. During the next 4 daj's all of the rats died. The animals were 
subjected to an exposure which caused death rather quickly'. It is possible that 
in cases of subacute dichloroethane poisoning methionine would be of benefit, 
and this point is being in\'estigated. 

SUMMARY 

(1) A 7-hour inhalation exposure to 12.4 mg./liter (3,000 parts per million) 
of 1 ,2-dichloroethane proved fatal to guinea pigs, rats, mice and rabbits. The 
animals showed varj'ing degrees of narcosis while in the chamber. Death was 
preceded by dj’spnea and increasing weakness. At autopsj' there was pul- 
monaiy congestion, mild to moderate degeneration of renal tubular epithelium 
and occasionally necrosis of the adrenal cortex. Two raccoons and 3 cats were 
able to survive this exposure. 

(21 Rats, mice, rabbits, guinea pigs, hogs and dogs were exposed to 
G.4 mg./liter (1500 parts per million) of dichloroethane. Almost all of these 
animals succumbed before 6 exposures of 7 hours each were completed. Similar 
pathological findings were noted. No significant lesions were seen in brain or 
spinal cord of dogs or rats. 

(3) The acute oral, subcutaneous and intraperitoneal toxicity of dichloroethane 
was determined for mice. 

(4) Various chemical compounds given orally just before the inhalation ex- 
posure protected mice against the effects of dichloroethane poisoning. These 
included p-aminobenzoic acid, methionine, aniline and sulfanilamide. 

.\cknowledgement: Mr. Paul Bowman, Miss Mary McAllister and Mrs. 
E\'elj'n Peake rendered technical assistance during the course cf this work. 
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The effect of certain inhibitora on phenol conjugation has been studied partial)}' 
by Bernheim and Bemheim (1), Lipschitz and Bueding (2), Hemingivay, Pryde, 

TABLE 1 


Influence of monoiodoacetate on phenol conjugation by mammal livers in vitro 
Medium: Krebs solution; pH = 7.2; phosphate buffer; phenol 5 mg. in 100 ml. Gas 
phase: air. Volume of solution in each flask 4 ml. Temperature 37. 5°C. 


akhial 

TOTAL 

FBEKOLS 

FREE 

PHENOLS 

CONJUGATED 

PHENOLS 

WET WEIGHT 
or TISSUE 

CONDITION 


Y 

mm 

T 

mg. 


Rat* 

173 

mm 

21 

88 

No MIA 


190 


0 

S3 

0.002 M MIA 


ISS 

188 

0 

85 1 

! i 

MIA + 0.001 M giucuronate 

Guinea-pig 

189 

172 

1 17 

84 

No aiiA 


191 

192 

0 

83 

0.002 M MIA 


190 

190 

0 

85 

MIA -(- 0.001 JI giucuronate 

Dog (puppy) 

182 

165 

17 

90 

No jMIA 


180 

182 

0 

84 

0.002 MMIA 


188 

187 

1 

92 

MIA -f 0.002 M giucuronate 

Cat 

196 

178 

18 

83 

No MIA 


190 

191 

0 

91 

0.002 M jMIA 


200 

200 

0 

86 

MIA -f 0.002 jM giucuronate 


* Eat tissues were incubated for I hour, the others for 90 minutes. 
MIA = Monoiodoacetate. 


and Williams (3), and ourselves (4, 5). With the purpose of gaining a better 
insight into the mechanism of conjugation several different compounds were 
tried, some of them effective as inhibitors on carbohydrate metabolism. 

IMethods. The animals were killed by a blow on the head and the tissues were 
immediately removed and sliced according to the Warburg technique. The 
tissue slices were incubated at 37.5°C. in 50 ml. Erienmeyer flasks, containing 

* This work has been supported partly by funds provided by the Duke Universitj" Re- 
search Council. 

’ Present address. Department of Industrial Hygiene, School of Public Health, Harvard 
University, Boston, Mass. 
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of phenol to rats has no effect on the inhibition by this drug. Increasing the 
glucuronate concentration does not affect the results. 

2. Influence of other inhibitors. It has alread3'’ been shown that c,vanide 
inhibits phenol conjugation (1, 2, 3, 4). As azide acts in a similar waj' it also 
should inhibit. Table 2 shows that azide completelj^ inhibits phenol conjugation 
down to a concentration of 0.01 M. 

Octyl alcohol, which is knoira to inhibit certain enzj'mes also completely 
inhibits the conjugation of phenol. 

Fluoride and bisulfite are also inhibitors of phenol conjugation. A complete 
inhibition is produced by 0.005 M fluoride and by 0.0003 M bisulfite. The 
actmty of fluoride is approximately the same whether calcium is present or not. 
A slight decrease in conjugation seems to occur in absence of calcium, though 
more e.xperiments are necessary to decide this point. Lack of magnesium has 
no influence on conjugation. 

0. 02. M sodium oxalate partially inhibits phenol conjugation, whereas sodium 
citrate has no effect. 

It has not been possible to study the effect of malonate as it interferes with 
phenol determination. 

I am indebted to Associate Professor Frederick Bemheim for criticism and 
to Dr. E. Bueding for the glucurone used in the present work. 

SUMSIABY 

1. 0.002 M monoiodoacetate inhibits phenol conjugation, in rat (Ihnderbilt 
strain), guinea-pig, dog (puppjO) and cat liver, which is not reestablished bj' 
addition of glucuronate. 

2. Phenol conjugation is also inhibited by 0.01 hi azide, oct3'l alcohol, 0.005 hi 
fluoride, 0.0003 hi bisulfite and partially b3' 0.02 hi sodium o.xalate. 

3. Lack of magnesium and presence of citrate have no effect on conjugation. 
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The promising anticonvulsant effect of certain 6-alkoxymethylhydantoins 
observed in preliminary experiments in the cat (1) encouraged a concerted study 
of anticonvulsant properties of other hydantoins containing a hetero-atom in 
the side-chain. Through this cooperative, extensive, study of substituted hy- 
dantoins, it has been possible for us to determine (a) the anticonvulsant effect 
induced when the phenyl group is substituted for an alkyl group in the alkoxy- 
methylhydantoins (compare I, II and III, figure 1); (b) the effect of reducing the 
phenyl group to cyclohexyl (III and IV); (c) the replacement ofo.xygen by sulfur 
in the phenyl alkoxymethylhydantoins (III and V) ; and (d) the activity after 
oxidation of the sulfur atom to the corresponding sulfone in the phenyl alkythio- 
raethyl series (V and VI). 

The 6-alkyl-5-alkoxymethyl-, (2) 5-alkyl-5-phenoxymethyl-, (3) (4), 5-phenyl- 
5-alkoxymethyl-, (5), and 5-cyclohexyl-5-alkoxymethyl-hydantoins were pre- 
pared by Professor Henry R. Henze and his co-workers at the University of 
Texas. The 5-phenyl-5-a!kythiomethyl-, and 5-phenyl-5-alkylsulfonylmethyl- 
hydantoins were synthesized by Dr. L. M. Long of Parke, Davis and Company 
(6). A comprehensive list of carbonyl compounds which have been converted 
to hydantoins by Professor Henze is available as Document No. 1603 of the 
American Documentation Institute. The melting point of many of the com- 
pounds used in this study are described in it. 

Expeuimentad. The anticonvulsant effect was measured in cats by the 
method previously described (7, 8). By this method, the strength of current 
neccs-sary to produce a convulsion was determined immediately before and 
approximately two hours after oral administration of the compound. The 
conxmlsive threshold in animals (cats) weighing 2 to 4 kilos was usually in the 
range of 15 to 25 ma. After administration of an effective anticonvulsant such 
as dilantin sodium or phenobarbital, this threshold was raised to over 50 ma. 
In order to conserx’o animals, stimulations in excess of SO ma. were not given. 
The anticonvulsant action of the compounds was rated as follows: 

0 — No change in convulsive thresliolcl. 

H — Elevation of convulsive threshold by 5 to 15 ma. 

+ l — ^Elevation of convulsive threshold by 20 to 30 ma. 

+ + •1 — Convu!«ive threshold elevated to SO ma. 

Convulsive threshold elevated to more than 50 ma. (i o., No convulsion ob- 
tained nhen stimulated with SO ma ) 
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The hydantoins were usually dissolved in one equivalent of dilute sodium hy- 
droxide solution and administered orally by stomach tube unless otherwise noted 
in the tables. 

Results. As shown in table 1, the promising activity originally observed 
with 5-ethyl-5-isoamoxymethylhydantoin was not obtained upon subsequent 
testing. Moreover, the other two prototypes tested were also relatively in- 


V 


ROCH^ 


-NH 


\ 


co- 




:co 


-NH 


5-ALKYL-5-ALK0XYMErHYL- 

I 


Rv _ 


-NH 


> 


CO 


5-ALKYL-5-PHEN0XYME]m- 

II 




5-PHENYL-5-ALKYLTHI0ME7HYL- S^HENn-S-AimSl/tFONYiritTHyL- 

V VI 

(R= M ETHYL, ETHYL.PROPYL, etc) 

Fio 1. Hydantoins 


active. Replacement of the alkylgroup by a phenyl group in the R' position 
likewise did not induce activity although some effectiveness was obtained in 
relatively high doses. However, substitution of the R, or alkyl group, by a 
phenyl group and varying R', resulted in greatly increased activity (compare 
Table 1 and 2 (x = 0)). It can be readily seen that the 5-phenyl-5-alko.xymethy 
series has consistently induced a rise in the convulsant threshold of the cat in 
low doses, with the exception of the hexyl derivative. 
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Substitution of the oxj'gen atom in the side-chain by sulfur did not change the 
quaUtative effectiveness of the parent oxygen homoiogues although there is some 
quantitative difference. However , when one compares the results obtained with 
the methyl, ethyl, isopropyl, and n-amyl derivatives, it can be seen that the oxygen 
compounds are more potent. Further investigation of thiomethyl deiivativ^ 
is in progress. In both series the n-hexyl compounds were inactive. There is 
no explanation at present for the fact that 5-phenyI-5-n-hexylsuffonylmethyl- 
hydantoin and its iso-butyl homologue raised the convulsive threshold in doses 


TABLE 1 

Anixconvuhcinl acliviiy of S-alkoxyrnethyl and S~phenoxymethyl~S-alkylhydantoins 


R 

> 

R'OCH, 

C 

1 NH 

\ 

CO 

/ 

:o— NH 

R 

R' 

ACTIVITY* 

Ethyl 

Iso-Amyl* 

[ 0, SOb- 0, 100: 0, 135 ; 0, 315 

Iso-Amyl 

Methyl 

0, 40; 0, 90; ±, 140; +++-1-, 250 

Iso-Amy! 

n-Propyl 

0, 20; 0, 40; 0, 65'; 0, 80; 0, 240' 

Methyl 

Phenyl 

0, 140; -1-++, ITS-* 

Ethyl 

Phenyl 

+-h4-, 140'‘ 

Iso-Propyl 

Phenyl 

0, 87; 0, 80; 120' 

n-Amyl 

Phenyl 

0, 70; 0, 250; +, 400 

lao-Amyl 

Phenyl* 

0, 90; 0, 125; ++-)-+, 280; -1-4-+, 400-' 

Phenyl 

Phenyl 

-h-i-l-l-, 120; ++++, 100« 


• The antieonvulsivc activity varying fromO to +-i-i— i- is given for the dosage e.xpressed 
in rniiligrams per kilogram of body weight of the animals. 

• Henrc (2) reported preliminary results which showed this compound to be unsatisfac- 
tory as a soporific. 

>’ Reictence (3) . 

' Con%-ulsant. The cat given 65 mg /kg. died in status a few minutes after treatment. 

•* Administered orally in capsules. 

• Sodium sail given in aqueous solution. 

' Fatal. 

• Minimum cRective anticonvulsant dose. 

of 130-140 mg./kg., whereas other homologous snlfones were not active at that 
level. Reduction of the phenjd group of the 5-phenyI-5-alkox}Tnethylhydantoins 
to cycloliaxyl resulted in loss of activity. (Compare table 2, X - 0, with 
table 3.) 

Co.vcLUsiox. The most promising compounds found in this study, at least 
from the standpoint of anticonv'ulsant activity with a mmimnm of hypnotic 
effect were 5-n-propoxymclhyl- and S-iso-propoxymethyl-S-phenylhj'dantoin. 
These wore, therefore, subjected to more extensive study. The ability to afford 
sustained protection against electrical stimulation was established for each drug. 



TABLE 2 

Anticonvulsant activily of phenyl substituted hydanloins 

^ CO 

RXCH, j ^NII 
NH — CO 


R 

x = 0 

x« S i 

.1 

X*=SOj 

JlLDf 1 

Activit>* 

MLDt 

ActiWiy* 

SILDf 1 

Activity* 


EAfflII 


ms /ks. 


! Wf./ir* 


Methyl 

400* 

0, 37; + ++, 63; 


0, 75; +4-4", 150 


0, SO; 0, 130; 



-f-'h + 'f-, 7*1 




++++,200 

Ethyl 

450* 

0, 22; 0, 27; 

>500 

0, 100; ++++, 


0, 25; 0, 60; 



+ +++,33; 


150; + + + + , 


0, 115 



+ + ++,42 


200 



n-Propyl 

SOO 

++ + ,45; 

330' 

0, 55; + + + + , 

900 

0, 65; 0, 170 



++++,70 


100 



iso-Propyl 

Eon' 

0. 15; ++, 20; 

1 450* 

0, 30; ++, 70; 

900 

0, 30; 0, 90; 



+ +++,27; 


! +++.110 


0, 150 



+ + ++,35 




! 

n-Butjl 

250“ 

++++,88; 

1 300± 

+ .45, + + + + , 


1 0, 50; ++, 



+ + + + , 90 


60; ++ + + , 

1 

120 





110 



igo-Butyl 

350. 

-f , 68; +4-++, 


++,70, 


4-, 75; 


1 

88 


+ + + + , 140 

i 

+ + + + ,130 

S'Butyl 

350 

0. 17; ++++, 







45; +4‘4'4-, 75\ 





t-Butyl 

400 

+ ,4S; + +++, 







100 





n-Amyl 

300 

+,21; + +++, 

250* 

+++,75; i 

500 

0, 110; 0, ISO 



75 


+ + + + , 150 



iso-Amyl . 

250* 

+++, 45; 



1 




+ + + + ,100 



1 


s-Arayl 

350- 

4- + + , 73, 



i 




++++, 140 



1 


l-Ethylpropyl 

350* 

+ ,45; + + ++, 







60 





1,2-Dimethyl- 

100* 

+ ,40, ++++, 





propyl 


75 





2-Mcthylbutjd 

350 

++,so, 







++ + + ,116 





n-Hcxyl 

300* 

0, 40; 0, 120'- 

250* 

0, 50, 0, 110; 

600 

+ + . 70; 





0, 175 


+ ++, 140 

Cj’clohexyl 


0, 30, 0, 70; 

250 

4*4 — h, 33, 

1000 

0, SO; 0, 100 



0. 110 


+ +++. 75 



Phenyl 

1750' 

0,35; + + + + , 


0,20,0,50; 1 


0/25; 0,40, 



100; + +++, 


0, 250 


0, ISO 



120 





Benzyl. 



330 

+++ + , 120 ' 

600 

0, 70; 0, 200 


* The anticonvulsive activity varying from 0 to ++++ is given for the dosage ex- 
pressed in milligrams per kilogram of body weight of the animals 

t Intraperitoneal injection in white mice. Weare indebted to Mr. L.W.Rowe for this 
data. The M.L D. recorded here is an approximate LEto 

• Hypnotic in lower doses. 

^ Administered in propylene glycol. 

® Orally to white mice. 


70 




















72 


H. HOUSTON MERRITT, TRACY J. PUTNAM AND V,\ Q. BYWATER 


First the basal threshold of each animal was established and in addition the 
threshold was determined each morning before the daily administration of the 
drug throughout the experiment. The results (figures 2 and 3) show that with 
a dose var 5 'ing between 75-150 mgms. daily, the threshold was consistently 
elevated throughout the period of testing. The x’s on the chart indicate the 
minimum level necessary for the production of a convulsion; the o’s, that no 
convulsion was obtained with the amount of current designated. The iso- 
propyl derivative afforded a more consistent and lasting rise in the convulsive 



Fig. 3 


threshold. The acute toxicity of this drug for cats was determined by Mr. L 
W. Rowe who, after feeding it to 25 cats, reported the LDjo orally to be 462.5 

mg./kg. The therapeutic ration therefore, is 13. On the basis of the 

above information, the iso-propyl compound is recommended for clinical trial. 

SUMMARY 

A series of sixty-two 5 , 5-disubstituted hydantoins eontaining oxygen and 
sulfur in one alkyl side-chain, have been tested for anticonvulsant activity in 
the cat. The 5-phenyl-5-alko.xymethyl- and 5-phenyl-5-alkylthiomethylhy- 
dantoins possess pronounced anticonvulsant activity. Two derivatives 5- 
phenyl-5-n-propoxymethyl- and S-phenyl-S-iso-propoxymethylhj’dantoins were 
studied chronically in cats. The latter derivative affords full protection against 
electrically induced comnilsions in doses of 33-37 mg./kg. in acute experiments 
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and gives a lasting and consistent rise in the convulsive threshold in chronic 
tests. This compound is therefore recommended for clinical trial. 
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It is well known that ducks and chickens withstand surgical removal of 
pancreas better than mammals (1-7). Their induced diabetes by such a 
procedure is usually mild and temporary. It is also a fact that pigeons, fowls, 
ducks, haw'ks, and quails have a high resistance to insulin, requiring larger doses 
to produce convulsions than mammals (8-15). The present investigation was 
part of our study on the species difference of response to drugs. It consisted of 
a comparison of the convulsive action of insulin, under almost identical con- 
ditions, in canaries, pigeons, Pekin ducks, white Leghorn roosters, mice, r.its, 
rabbits, and dogs. 

Healthy animals, housed in the same building, the temperature of w'hich 
fluctuated between 26.7 and 28.9°C., were starved for approximatelj’^ 16 hours 
before insulin was administered. In order to avoid any difference in absorption, 
the hormone was injected intravenously: b 3 ' the tail vein in mice and rats; 
by the wing vein in canaries and pigeons; by the marginal vein of the ear in 
rabbits; and by the saphenous vein in the remaining animals. Graded doses 
were employed for 4-6 groups of each species of animals, so that the median con- 
vulsive doses (CDso’s) could be satisfactorily determined. Each group varied 
from a minimum of 3, to a ma.ximum of 17, animals. All dilutions of insulin 
were made from the same stock solution, 1 cc. of which equaled 500 units. Con- 
vulsions were watched for in the injected animals during the working daj’, 8 
a. m. to 5 p. m., but not throughout the night. A number of animals were found 
dead the next morning, and were presumed to have convulsed if convulsions had 
already been established for that species. Blood sugars, according to the method 
of Hagedom and Jensen (16), were determined on 5 ducks and 10 roosters at 
frequent intervals. Once convulsions occurred, the animal was discarded. 

The results obtained with 7 species of animals are summarized in table 1. 
It is obvious that the birds, as a whole, are less susceptible to insulin than the 
mammals. Among the birds tested, there is a wide difference in sensitivity — 
the duck being the most sensitive, and the rooster, the least sensitive. Some 
ducks convulsed in 2 hours after receiving adequate doses of insulin, but the 
majority of them, much later. Blood sugar curves indicate that .their shock 
level is not far from that of mammals, 41-50 mg. per 100 cc. or less. The pigeon 
is about 4 times as tolerant to insulin as the duck, as judged by the CDto’s. 
In most cases, it took more than 24 hours for convulsions to take place. The 
canary, in turn, is about 3 times as tolerant as the pigeon. In this species, a 
few animals receiving effective doses of insulin showed definite convulsions in 
30 minutes, but most of them died overnight, presumablj’’ following convulsions. 
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The rooster was exceptional, in that none in our series developed convulsions 
during the periods of observation. The results (not listed in the table) may be 
given as follows: Of 9 roosters injected with varying doses from 100-500 units 
per kg., 2 fell on side, 1 had ataxia, but all appeared normal the next day; and of 
9 others injected with 1000, 2000, and 5000 units per kg , 3 each, 6 died in 28—72 
hours. For illustration, the blood sugar curves of 4 roosters are sboTVTi in figure 
L Only 1 animal receiving 2000 units per kg. had marked and protracted hy- 
poglycemia, but ultimately recovered. It appears that death from insulin in 
roosters may not be necessarily due to hypoglycemic shock. Our failure in 
observing convulsions in this animal is confirmatory of the published work of 
Cassidy, Dworkin, and Finney (11). Golden and Long (16), on the other hand, 
succeeded in producing convulsions and eventual death of chicks by administra- 
tion of insulin on successive days. 


TABLE 1 


Convulsive dose oj insulin in birds and matnmaiB 


AKlSlAt 

»ODy WEIGHT KAKCE 

inntHEt 

USED 

DOSE SAKCE 

CDm dl stakdahd creoe 




VffiiJ kg 

units per kg. 

CanoTy 

0.0163 ±0 0002 

24 

1000-4000 

2396 ±321 

Pigeon j 

0 2998 ±0 0036 

67 

400-1200 

705 ±102 

Duck 

2.1890 ±0.088 

26 

50- 600 

I 157 ± 41 

Dog 

7 030 ±0 230 

35 

16- 30 

23 3 ± 3,4 

Rat 

0 0985 ±0 0016 

CO 

9- 36 

20 7 ± 0.2 

Mouse 

0 0166 ±0 0002 

60 

7- 40 

17 ± 3.0 

Rabbit. 

I 891 ±0 033 

49 

4- 8 

5.1 ± 0 45 


Among the mammals, the rabbit is fully 3-4 times as susceptible as the mouse, 
rat, and dog The speed of reaction is relatively more rapid in the mouse and 
rabbit, for convulsions in them appeared in 45-120 minutes after administration 
of effective doses, while those in the rat and dog took place in 2-6 hours. In 
no instance ivas the response immediate, even though the hormone was given 
intravenously. The presence of a latent period is characteristic of insulin action. 

Compared with the birds, the rabbit maybe said to be about 30 times as sensi- 
tive to insulin as the duck, 138 times as sensitive as the pigeon; and 470 times as 
sensitive as the canarj' As a w hole, the speed of reaction is slow er in birds than 
in mammals. Allen (17) gave figures to indicate that man was more sensitive 
to insulin than the rabbit, mouse, and rat, but less sensitive than the dog. Since 
the present results show that the rabbit is more sensitive to insulin than the dog, 
it is desirable to determine more precisely the position of man regarding his 
susceptibility as compared with lower mammals by a single intravenous in- 
jection 

How one can account for the relatively high resistance of birds to insulin 

over-supply or deficiency— will depend upon further elucidation of their carbo- 
hydrate metabolism Published data show that the latter deviates from that 
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of the mammals. Both the chicken and the duck have a lower unitage of insulin 
in their pancreas than the rabbit, dog, mouse, and rat (18), indicating, perhaps, 
that they are able to carry on their body oxidation with less insulin. Phlorizin 
produces much more accumulation of acetone bodies in the blood of the de- 
pancreatized dog than that of the normal dog. With the duck, however, the 
reverse is true (7). The rate of glycogenolysis in the excised liver tissue of the 
pigeon is certainly slower than that of the mammals (19). The young, stan'ed 
rabbit deposits glycogen in the liver following the administration of insulin 
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Fig. 1. Blood Sugak of Roosters after Insulin Injection 
Curve through hollow circles uas the animal receiving 200 units per kg.; that through 
semi-solid circles, 2000 units per kg ; and those through solid circles, 5000 units per kg 


(20), while the fasting chicken does not show the same response (21). The 
absence of typical convulsions after excessive doses of insulin also suggests that 
the chicken’s central nervous system is especially tolerant to this stimulating 
phase of insulin action. 

SUMMARY 

By intravenous injection of insulin, the canary, pigeon, duck, and rooster 
are shown to be more resistant than the mouse, rat, rabbit, and dog, as judged 
by the convulsive dose, speed of reaction, and blood sugar determinations in 
the duck and rooster. Among the birds, the duck is the most, and the rooster, 
the least sensitive. The latter fails to develop comnilsions even ivith lethal 
doses of insulin. 
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Although great progress has been made in isolating the marihuana-active 
tetrahydrocannabinols from hemp (10), in synthesizing congeneric dibenzopyran 
derivatives and in determining the structure-activity relationship in this class 
of chemicals (1, 5), the question of the interrelation between the two main 
pharmacolo^cal actions of hemp, motor ataxia and corneal areflaxia, still 
remains obscure. 

The original assumption (4) was that the comeal areflexia action in the rabbit 
has the same chemical basis as the ataxia action in the dog, and some students 
of the subject (8) still consider it as reliable an indicator of the psychic action in 
man as the ataxia action. These assumptions have yet to be put to the test. 
Some studies have been made in an attempt to determine whether or not the 
ratio of areflexia to ataxia potency is the same in different hemp preparations 
(3,6) and whether it remains unchanged when they are subjected to chemical 
alterations (3). Such studies can contribute to a solution when based upon ac- 
curate potency measurements. This technical prerequisite is fulfilled for the 
assay of ataxia in the dog (6, 9, 5), but there is as yet no equally reliable method 
for the assay of areflexia, the response of the rabbit, the only test animal available, 
being extremely inconstant (7,5). 

The present study attempte to overcome this obstacle and to elucidate the 
relationship between the two marihuana actions by comparing the areflexia 
and ataxia potencies of an impure hemp preparation and of a pure ataxia-active 
substance before and after subjecting them to mild oxidation. 

Experimental. A crude ethanol extract from Oriental hemp resin (charas) and the 
highly ataxia-potent tetrahydrocannabinol prepared from the same resin (10) were em- 
ployed in these experiments.’ Parahexyl, a synthetic racemic n-hexyl homolog of tetra- 
hydrocannabinol (2), was employed as standard in all arefle.xia and ataxia assays. This 
substance had a potency twice that of the synthetic racemic tetrahydrocannabinol emploj’ed 
as the standard in previous studies (5). 

For oxidation, aliquot parts of the standard ethanol solution of each of these prepara- 
tions were aerated in a current of washed air for six hours at 60° C. Solvent lost by evapora- 
tion was replaced at the end of the aeration. All four test preparations were injected in- 
travenously in dilute solutions of ethanol. 

Ataxia assays were conducted by the “method of approximation” (6, 9, 5) in dogs which 
before and after each assay were repeatedly tested with the standard. Corneal areflexia 
activity was assayed in rabbits. Intensity, measured by the incidence of lid respones 
to ten touches of the central cornea with a calibrated hair, and duration of the anesthetic 

■ This work was supported in part by a grant from Abbott Laboratories, Inc., North 
Chicago. 

’ Both preparations were obtained from the Narcotics Laboratory, U. S. Treasur 3 ’ De- 
partment, Washington, D. C., through the courtesy of Dr. H. J. Wollner. 
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effect were taken into account. The great individual differences in sensitivity were con- 
trolled in the same way as in the ataxia assays, i.e., by alternately testing the unknown and 
the standard preparation in the same animal as described in a previous paper (9). In order 
to eliminate error-due to change in sensitivity with time the data were used only w'hen it 
was established by repeated tests with the standard preparation in the same animal that 
they were frora a period of constant sensitivity. 

In a group of 15 rabbits tested about 500 times during a period of sk months 
about one-half the animals had one or more periods of constancy of from two to 
eleven weeks duration in which data were obtained suitable for the estimation 
of arefleda potency. 48 tests of the unknowns and 39 of the standard carried 
out during these periods serx^ed to determine the areSexia potency of the four 
preparations. Their ataxia potency was determined by means of 87 tests in 
dogs. 


TABLE 1 


Influence of oxidation upon ataxia and areflexta potency of a pure tetrahydrocannabinol 
and of a mixture of hemp components 



Axxnxxu 1 

ATAXIA 

PO* 

TTKCY 

XATIO* 

m CXS*T DE- 

c3u:asz; nr ro' 

TOfCT BV 
AJUUnOH 

Num- 1 


Potency 

Ntiitt- 

teats 

Potency 

berof 1 
tests 

A%er- 

age 

Range 

Aver. 

age 

Range 

' Are- 
i fiezia 

Ataxia 

('haras extract ] 

m 



6 

m 


2.44 


1 

Aerated . 

12 I 

0.33' 


9 



0.67 

iO 

0 

Charas tclrahy- 










drocannabinol 

8 

1.23 


67 

5 54 

>4 S4-<6.16 

0.22 

i 


Aerated 

7 

1 22 

j >0 97-<1.48 

5 

5.43 

>3.96-<6.90 

0.23 


Q 


* ArcBex'm units per unit of ataxia potency. 


As is seen from the assay results before and after aeration (table 1), pure 
charas tetrahydrocannabinol is both ataxia and areflexia active, and is not affected 
by mild oxidation; both actions are retained undiminished. The experiments 
also establish the standard preparation, parahexyl, as another e.xample of a 
pure substance capable of both actions. The crude charas extract shows about 
the same areflexia potency as the pure tetrahydrocannabinol, but only onc- 
clcventh the ataxia activity. Whereas oxidation did not change the ataxia 
potency of the crude extract, it reduced its areflexia potency to one-third. 

CoMMEXT. There is now ample proof of the fact that the two experimental 
manifestations of systemic marihuana-actinty, motor ataxia and comeal areflexia 
may reside in the same molecule. The present study adds two such substances, 
natural charas tetrahydrocannabinol and sj-nthetic parahexjd, to two formerly 
reported examples, namely, two semi-sj-nthetic tetrahydrocannabinols (5), 
Many more synthetic congeners in this class of benzopyrans were, when first 
dc>=cribc<l (1.5), reported to be ataxia-active, and later (8) shown to possess also 
areflexia activity. As all Btniin‘. of hemp contain mixtures of different tetra- 
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hydrocannabinols, and as in all the above pure tetrahydrocannabinols the ratio 
between the two activities is different, the inconstancy of the areflexia ataxia 
potency index in impure hemp preparations is entirely compatible with the 
concomitance of the two activities in one molecule. 

However, the present assays show that representation in the same substance 
is not the complete solution of the problem and that hemp, in addition, contains 
areflexia principles of a different nature. The varying ataxia and, disproportion- 
ately with it, areflexia activity of impure preparations may or may not be due 
solely to the presence of different mixtures of various tetrahydrocannabinols. 
Either a molecule having exclusively areflexia action or only the prosthetic 
group responsible for areflexia in a molecule having also a group responsible for 
ata-xia might be altered by an oxidative process which reduces areflexia, but not 
ataxia acti\dty. No clue to these alternative possibilities is provided by the 
earlier e-xperiments (3, 5). The present experiments give evidence that a mild 
oxidation leaves the areflexia potency of charas tetrahj'drocannabinol unchanged, 
but reduces by 70 per cent that of the crude preparation from which it is obtained. 
In both preparations, as in the extracts formerly (3) subjected to a similar pro- 
cedure, the ataxia activity remained unchanged. This is proof that other 
ataxia active natural tetrahydrocannabinols are as resistant to oxidation as 
this charas tetrahydrocannabinol. Therefore the susceptibility of hemp extracts 
to oxidation must reside in areflexia active substances having little or no ata.xia 
activity. 

Thus hemp presents the unusual phenomenon that two important biological 
actions of a drug are in part combined in the same molecule and in part embodied 
independently in separate molecules. A¥hile the identification of the substances 
of the former type, the areflexia and ataxia active isomeric tetrahydrocannabinols, 
is well advanced,- the principles having areflexia activity alone are as yet un- 
identified. They may be either unknown tetrahydrocannabinols or compounds 
of entirely different structure. 

Since the two actions are shown to be due partly to different substances, 
mixtures of marihuana active substances cannot be evaluated for their content 
in ataxia principles by areflexia assays and vice versa. Moreover, since tetra- 
hydrocannabinols vary in the relative intensity of the two activities, they cannot 
form the same sequence when grouped in the order of their areflexia potency as 
when grouped according to ataxia potency. AVhile much is known regarding the 
relationship between structure and ataxia activity (1, 5), the relationship be- 
tween structure and areflexia activity has not yet been investigated. 

The demonstration of a dissociation between the two manifestations of 
marihuana activity raises a new problem with respect to the third action which 
is manifest in the psychic effects in man. Some data suggest a certain parallelism 
between this action and ataxia activity, but nothing is known about the re- 
lationship between psychic action and areflexia. This study indicates that 
psychic action in man, if paralleled by ataxia in dogs, cannot be evaluated in 
terms of areflexia action. But it also shows the way to the solution of the 
problem. It offers two preparations with different potency indices, one with 
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an areflexia potency eleven times higher in relation to ataxia potency than the 
other. Evaluation of the relative effectiveness of these two preparations in 
man should answer the question of the interrelation between the three chief 
pharmacological actions of marihuana. 
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Foltz, Ivy, and Barborka (1942, 1943) demonstrated that in the human subject 
caffeine increases not only the capacity for muscular work in rested indmduals, 
but also the speed of muscular recuperation in fatigued subjects. It is obvious 
that in human experiments it is impossible to determine whether the caffeine 
achieves its effect through a central mechanism, acts on the neuromuscular junc- 
tion, or stimulates the muscle dhectly. The classical textbooks of pharmacologj’ 
fail to clarify these considerations. The experiments which have been done, in 
the past mostly on frogs, indicate that the xanthine derivatives have a direct 
action on muscle itself (Goodman and Gilman, 1941) and that they are even 
capable of producing an increase of muscular contraction when a muscle is stimu- 
lated indirectly through its nerve (Zunz, 1932). It seemed of interest to us to 
learn whether caffeine has a de-fatiguing action in mammals and to determine, 
in case there is such an action, what is its mechanism. The object of the present 
study is to clarify these points. 

Methods. The animals used were cals anesthetized with Dial (0.75 cc. of Dial Ciba per 
kilo body weight, intraperitonoally). In some e.xperiments the animals were decerebrated 
or an Elliott preparation (pithed prep.aration) was made during a short etherization. A 
tracheal cannula was inserted in the event that artificial respiration should become 
necessary. 

The studies were conducted principally on the quadriceps fenioris muscle, though the 
soleus was also used; both were stimulated indirectly through the nerve, previously isolated 
and sectioned, by means of condensers controlled through vacuum tubes. Maximum stimuli 
were applied. Silver electrodes insulated with rubber were used. The muscular e.xcursion 
was recorded by fixing the femur (in the case of the quadriceps femoris) or the tibia (in the 
case of the soleus) with clamps, and attaching the tendon to the short end of a lever which 
then stretched elastic bands. 

In some instances the muscles were stimulated directly. For this a preliminary denerva- 
tion was done under ether anestliesia 3 to 7 days prior to the e.xperiment, and needles were 
used as electrodes. One needle was applied to the tendon and the other in the muscle belly. 
Ma-kimum stimuli were always used. In some other cases the muscles were stimulated with 
acetylcholine. This was injected either into the femoral arterj-orinto the abdominal aorta 
(after a preliminary ligation of the contralateral iliac arterj' and the median sacral artery). 
The amount used was 10 to 40 mg. of acetylcholine in a volume not greater than 0.30 cc., 
usually about 0.20 cc. In order that the muscles might be more sensitive to acetylcholine 
action they were denervated 5 to 15 days prior to the experiment. 

The nictitating membrane was also used. Recordings were made after a preliminary 
enucleation of the eye and ligation of the external carotid artery. This organ was stimu- 
lated by means of an intracarotid injection of 40 to 60 rag. of acetylcholine in a volume not 
greater than 0.30 cc., generally 0.20 cc. 
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In some animals the arterial blond pressure was measured. For this purpose either a 
mercury manometer or a manometer of mcmbriine was utilized, either being connected with 
the common carotid artery. 

Drugs used in the experiments were: acetylcholine hydrochloride (Roche), prosltgmine 
(Roche), caffeine (1.3,7 Irimclhylxanthinc, 3.5 gm. dissolved in lOOcc.of a 5% solution of 
sodium benzoate"), 5'”c sodium benzoate, Brazilian curare (crude product), and atropine 
sulfate (Merck). Some of these drugs were injected into the femoral artery above the 
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FlO. 1. Iscl.VUXCS OF TUB FuBOCKNCY OF STUa’t.ATIOX OX TUB 
STnKNOrill.NINO Mitbit of C’.vffkinb 
(C’.T ts aneslhclizod with nembutai) 

la. liidiu'i t excitation of the <iuadriccps with a fre<iuency of 1 4 per second. Upper 
tracing. iiu.idnccn« muscle Signal on upper line- 0 30 cc of caffeine (in this, as in all 
ligure.x, in ,3.5' c solution) into the femoral artery. I.ower line, time every ten seconds. 

111. Three mmite.s after In. 

Ic. Four inmiitcs after la. 

Fill. 2 . Inouibit K.xcn xTio.x m tub t)i ximuBrswmi \ Fubockm-y 
OF Fovu t’KR Sbcom' 

Fpper Ir.vciiig quadriceps mii.scle Upper line; sigiul, 0 30 cc of caffeine into femor.al 
artery, bower line time cx'Cry 5 scconils. 

Fu: 3 bMiiiita r Fxi iTxTiox III (Ji Aonn Bi"' w nil xpRi-giiMiot 
13 I’Bn Si.i oM) 

Upper tracing qiiadncops iiiiiaele. Upper line: arrow, onset of si imidat ion; signal 0.30 
ce of caffeine into fcmor.al artery, bower line time every 10 seconds, ’ 

hranrh to tlic quadricep.s femoris or into the abdominal aorta as described above. Others 
were injected intravenously (atropine, curare, and sometimes c.affeine); for this the external 
jugiihir x’ciii wax ixiilalcd 

Htgsti.Ts 1. Aclion of caffviuf on indited miimdar dimidalion. When 
cafTi'iiip ix injiTteii into the abilominal aort.T or into t!ie femoral .artery, in a 
thwage of 1) (XI7 to 0.03,") gm.. while the tpinilriceps or solcns nnisrle iis being 
elimulaleii f iinmgii the nme with maximtiin x-timuli, there i.s ahvitvs an incro.ase 
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in the tension maintained by the muscle. The cliaracteristics of this increase of 
tension depend on the frequencj' of the stimulation: 

a) With stimuli of lower frequencjq even as little as 10 per second (figs. 1 and ■ 
2), there is quickly noticeable an increase of the tension maintained by the 
muscle, a phenomenon which in some cases can last more than 4 minutes (fig. 
la, b, and c). Under these eonditions the increase of tension reaches a value 
of 25%. 



Fig. -1. IiNFLUENCB OF THE FhEQUENCY of StIMOLATIO.V OS' THE 
Sthengthening Effect of Caffeint; 

(Elliott preparation) 

Upper tracing: quadriceps muscle stimulated indirectly with a frequency of 15 per 
second. Lower tracing: arterial blood pressure measured wil li a mercury manometer. 

'la. Upper line: first signal (reading from left to right in this as in all figures), onset of 
stimulation. Lower line: time every 10 seconds. 

•lb. 50 seconds after 'la. 

■Ic. 120 .seconds after 4b. 

4d. 90 seconds after Ic. 

4e. 130 seconds after 4d. The signal on the upper line indicates the end of stimulation. 


b) With greater freqiicneie.s, between 10 and 20 stimuli per second, calfeine 
produces the highest development of tension which we have observed (figs. 3, 4, 
and 5). Figure 4 shows a typical example in which the tension produced by the, 
injection into the femoral arter 3 ' of 0.012 gms. of caffeine reaches a value of 280%, 
and does not return to the original tension until 6 minutes later. Within these 
frequencies, and ev'en more so with higher ones, caffeine tends to produce a 
summation of stimuli, so that if the frequencj' of stimulation was not sufficient 
to create a perfect tetanj’, the action of the caffeine maj' bring about such a state 
and sustain it for some time (fig. 4 and 5). 

c) When higher frequencies are used, from 20 to 250 per second, the increase 
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of tension developed on injection of caffeine is of little magnitude and cf short 
duration (fig. 6, 7, and 8). As can be seen in these figures, frequencies greater 
than fiO per second result in a development of tension which is the smallest in 



Vw. 5 KnARsci. ov tiu Fbloi r^<.^ Stuo \ \tio\ o^ thi. 

Sini Sf»TnLsfNc. CwrEiNi. 

(Cats uncsthotircd with ncmtmlal) 

aUmviiaUon ot Ihc quaiiTJCcpa w itU a frequency of 17 per second V pper t racing : 
quudneeps muscle Upper line first and last signal, onset nno end of stimulation, second 
signal, 0 ZO cc of culTemo into the femoral artery, third signal, 0 40 cc of cafTeine into 
femoral artery fourth signal.O 30 ee ‘■odium benzoate, 5^ Uhe same amount of sodium 
benronte as that used as a solvent foi the dose of caffeine injected at the second signal) into 
femoral arler\ Cower line tinmin minutes 

pir. fi ImuHM”! ExUTMIOS <U AI>KI< H>'> with K rilKQlhM^ OF 23 PkR SrrOND 
Upper tracing quadriceps muscle I'ppcr line first and third signal, onset and end of 
f^timuKtion .\iiddle fogrud 0 3(1 er cafreme into femoral artery Lower line time in 
minutes 

!'l< 7 KtUltMT l.M ir^TlON Ol tp H*s W ITH \ rilMiltNCI 01 250 PhUSKOMi 
Uppiriraung quadriceps mu*"i le I irel hue first and second signal, injection of 0 30 
cc of calTcinc into femoral artcrv Sreoini line first ami preond Mgnal, omcl anil eml of 
“timnlatnm Tfurd line time lu inumles 

Vu, s Isdiuht Srivti i.\iioN oi (^i \nni< n-* with k PiiKip i m > GO i*hii Sf { osn 
Sn I irst hue first and rrcond aigit.d onset and end of htmuilation, third signal, onset 
of stimul.ition Second line first signal. I ec «»f caffeine into femoral artery .second ‘.ignal, 
oriPn of c.ifieme into femoral .irten, tfiir<l signal, 0 ‘ilcc of catleine intii femoral artery* 
Third hue time lu mumtes 

HU 1 ight nuuutes after s.i Signal on first line, end of stimul.Hion Signal on second 
line, I m of caflcjnc into femoral urter\ Thiril line, time in minutrs 
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magnitude and of the shortest duration whicli we ha^-e obseiwed, and its char- 
acteristics are the same regardless of the phase of contraction in which the muscle 
might be at the time (Rosenblueth and Cannon, 1940). 

In the indirectly stimulated muscle the increase of tension produced by caffeine 
action is not parallel to the quantitj’ of the drug injected, as is shomi in figures 
5 and 8. At times, however, especially when stimuli of optimum frequency are 
being used (10 to 20 per second), it can be seen that a greater dosage of the drug 
produces a greater muscular tension. 

When stimuli of high frequency are being used (60 to 400 per second), injec- 
tion of the drug prior to onset of stimulation does not significantly increase the 
height of muscular contraction, as can be seen in figure 8. Furthermore, pre- 
liminary injection of caffeine does not change to any definite degree the various 
phases which are observed when muscle is stimulated indirectly with high fre- 
quencies (Rosenblueth and Cannon, 1940). 

II. Action of caffeine on muscle at rest. In some instances, we noted that the 
injection of caffeine produced a slight elevation of the base line of the muscles 
between low frequency stimuli (fig. 2). This led us to study the phenomenon 
in greater detail. 

a) Action of caffeine on unstimulafed muscle. When caffeine is injected intra- 
arterially it can at times pi'oduee a development of tension in resting muscle. 
We cannot at present say whether this is contiaction oi’ contracture. This 
phenomenon is not obser\'ed in all cases, at least not with the doses which we 
were using (up to 0.035 gm. of caffeine). In some instances it could only be ob- 
served with the higher doses (0.035 gm. of caffeine) as is evident in the e.xperi- 
ment represented in figure 8. When the muscle does respond, even to the lower 
doses, then there can be noted a relationship between the quantity of the drug 
injected and the degree of tension developed, as shown in figure 9A. 

The development of tension produced by caffeine can be observed not only 
in muscle denervated as long as 15 days previously, but in muscle which retains 
its innervation as well. The frequency and the characteristics of this develop- 
ment of tension are equal in intact and denervated muscle. 

b) Action of caffeine on directly stimulated muscle. After the sectioning of 
a motor nerve its degeneration is so rapid and so complete that three days later 
stimulation of the nerve fails to produce muscular response, as indicated by a 
large number of e.xperiments. (For discussion of this phenomenon see Lissak, 
Dempsey and Rosenblueth, 1939). For this reason, three days after nerve 
section stimulation of a muscle can be considered as direct. Hence, we used 
animals 3 to 7 days after section of either the crural or sciatic nerve, the (piadri- 
cejjs or soleus muscles being stimulated directly. Under these conditions there 
were observed rasults very similar to tho.se described in Paragiaph I. In fact, 
a 0.014 gm. dose of caffeine injected intra-arteriall 3 ' during muscular stimulation, 
whate^'er the frequenc.v, always produces an increase of the height of contiac- 
tions. Nevertheless, the degree and duration of the increa.se obtained with the 
caffeine are both greater when the niuscle is stimulated iiulirectl.v through its 
nerve than when it is stimulated directlj- (fig. 9H, t', and D). 
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III. Achon of caffeine on the response of muscle and ganglion stimulated by acetyl- 
choline. A. Action on muscle. Brown, Dale and Feldberg (1930) demon- 
strated that the preliminary denervation of muscle increases its responsu eness 
to the action of acetylcholine by about 100 times, nith this pieparation it is 
possible to obtain an excellent muscular contraction with a small dose of the 
drug In order to avoid large doses of acetylcholine a senes of animals as sub- 
jected to denen ation 5 to 15 das's prior to experimentation. All of them, before 
receiving the acetylcholme, \iere administered 1 mg. of atropine per kilogram 
body weight intravenously, so that the muscaiine effect of acetylcholine might 
be avoided Once uniform responses were established m the muscles by estab- 



Vie. OA Direct <5( o» muficle C u auesiUiolizotlwiih Di il 

ing fiolcusmuscloiioiifrvatcd IStlajsniCMou^lv t pporlinc tn hi sign d, intraaortic injec- 
lii>nof025cp of c iffcine, fccoini inn third sipnib, 0 5 < c ind 1 cc of cafTrmc intraaorti- 
talh, rrspr(fi\c4 Lower !inc* lime in imiiutes 

f i< nU \rijonnft iffrinr on dirort!% blimul ilrtl mustli C’.it aiio«;lhc*lirod with \cni- 
hut d I ppcrlraping quadnt cps muscle drner\Atttl hours prc\!OU‘»l\ ind stumdatcti 
dirccilj wtili A frr<iU(’JK\ of 04 per minute bigna! on U[»per hue intraaorln. injection of 

0 40 cc of c ifTeine Lower hue time in mmutob 

Tir 9C \clJon of cafToinc ondircciK blmuil d mu&cU Cat Anesthetized wjth Xem 
hula! I pper tracing qu idnccps muscle doncrvAte<l 72 liours prc\iousI\ ami btimulatcd 
diretllj with a frequenej of 9 per second hirst and second Mgnals onset and end of 
Rtimu!ition,mnIdicsipnal 040ce of ciffriiK ntnuiriie dl^ f.owcrline time in minutes 
I in 9U \ction of c'^fTeinc on directl\ ^tiniul iletl muscle Cat nncbthetizcil with \cm 
hut d I'pper tracing qu idnceps muscle dener\atrd 72 hours prCMoush and stimulated 
dirccth with i frequency of 50 per second I pper iiiu hr^l ind second sign i! onset and 

1 nd of stimulation, nnddic d, 0 10 ct «)f c iflfeine intr i lorticaUj 


hdiing optimum uitia-aiteiial <los<*'. of the <hug, the i.ilTcine wa*' mjwled V 
(\pual re-poiwe w ^liowu m tiguie t(l 'live v.ifTetne vuvau.ibly eiihamed the 
ll"'Po!^^e of (leneivated imi-de to ai etv |i holme 

H \(tioii on the -upeiioi eenic.il ganglion l.mplovmg the Uil\nu)ue de- 
'(riiied liv Ito'dibluetii nml C.innon (Pn'ii im the ■.tmnilation of the Mipenoi 
(ervua! ganglii ii b\ mtiaeaiotul iiijeitioii of .n et\ h boline, it !•. ob-eued th.it 
there 1-. i dontife ii’spoiw of the niitit.vtmg menifnane .i piun.in plm^e due 
to t!i<> .iitiim of the ai et\l( holme on the gmglion, .md a '•eumdiiv due to th(> 
dneit .ntuin of t lie U( t\li holme on the -niootii mii'di ot the nn titatmg mem- 
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brane. A t3'pical contraction of the nictitating membrane witli these character- 
istics is produced bj"^ the injection of 40 mg. of acetjdclioline dissolved in 0.20 cc. 
of distilled water or phj'siological saline. Once several contractions of uniform 



Fio. 10. Eniiancixg Effect of Cafff.ixe o\ Mescli. in CovxnAerio.N 
Induced Mnn Acf.tm.ciidi ink 

Cut anesthetized with Nembutal and previously niropimzed (1 mj; of atropine per Ulo 
body weight intravcnouslj’). Upper tracing: solciis muscle denorvated 14 days previously 
Lower tnacing: arterial blood pressure ine.asured with a membrane manometer. 

10a. Signals on the fiist line indicate intraaortic injections of 10 mg. of neetylchohnr 
The arrow indicates the moment of injection of 0.33 ce of ealTeine intraaoitically. Secoml 
lino: time in minutes. 

10b. Ten minutes after 10a. 

10c. Ten minutes aftei 10b 


It 




Fig. 11 (left) S^reiigtliPnniK cfTecl of c.ilToinc on tlie isotoinc cotiliaction of the iiirt'* 
tatjng membrnne produccfl l)y tlie action of ucrtylclmlme <»n tlie tupenor cervical ganglion. 
Cat ancathetircd w itli Dial Tpper 1 1 . icing cfmtiaclion« of the met it at mg incinlnano jno 
duced by tlie intnieaiotid mjoclioii of l‘)mg ofacotj Icholme e\ ei \ 4mmutosin avohiioeol 
0.20 ec (the external caiotid ailei} on tins ^de linving brim pievnnisK Iigateili .Signal 
on the uppei line. 0 ce of c illemc I.imci line linu* in nnnules 


degree liad been obtained, tin* ealTeino was injected Tin* di iig eonsi*>ie!i(Iy pio- 
duced an increa.se of the amplitiulo of ronliaelion ul tin* imisele in tlie ganglionar 
phase; the phase ascribed to the muscle itself <Iid not \aiy significantly, as can 
be seen in figure 1 1 . fn some eases in older to asi'ei tain that tin* action was due 
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to the effect of caffeiue on the ganglion alone, the experiments were repeated 
after cxtiipation of the snpeiior cervical ganglion. Under these conditions 
caffeine seems not to have anj^ effect on the response of the membrane to the 
intra-ai ferial injection of acetylcholine, or, if indeed it has any effect at all, it is 
in the foi m of a depressant action as can he seen in figure 12, ^Yhich shows results 
in the same animal as those in figure 1 1, after the removal of the superior cervical 
ganglion on the side of experimentation. 

IV. Action of caffeine on the effect of prostigminc. The quantity of prostig- 
mine used intra-arterially (femoral arteiy or aorta) has been small: 50-100 mg. 
Nevertheless, with these concentrations, trader the frequencies of stimulation 
used in these experiments, it uas possible to observe the classical depression 
which prostogmine produces in the neuromuscular preparation. If under these 
conditions caffeine is injected, it is noted that it alwajAs augments the depressant 

12 



r r-r— I r t i r~~r t~r~i — i f i — r~i r~r-i 

I'm 12 (riKlil ) S.imo xmm.il a<i m preceding figurptif ter cxlirpation of superior cervical 
K uiglioii Coiidilioiis of I lie evperimeiil are the b imo .is in I’lg 11 except that the signal 
on ttic upper line imlic.ites the iiijeclioii of 0 40 cc of caffeine 

iiction of the ptostigmino ((ig 13U) When an ammai i\a.s received a preliminary 
inject ton of piostigmme, theie is mote fiequentlv obsened a ceitain development 
of miisetilai tensnm (halt when [iKistignimc has not been used: in figure 13B it 
Is seeti that (he base line of nutseitltii eontraetions lias i iscn immediately following 
the mjeetion of eaffeme 

1 .triimi of cnffdiii on tin <fj<rl of riiiaii. .\s is evident in figures 13c and 
13il, eaffoim- has a dcfmite anfirmaie aetioii I'liis aefton develops quickly 
aflci the injection of the drug ami attains a maximum foi a given dosage of 
eaffeuie m a fen soeonds For this re.ison a graph m which anti-curare effect is 
vlemoustrateil shuwh a sudden break with the formation of an acute angle (figs. 
13e mill 13(1 ) i’iie duralum and degiee of the effect is dependent on the degree 
of eui.uiriitiou of the imuual and on the dose of caffeine administered. For a 
uiiifoiiii dose of euiaiT, an inere.tse in the dose of eaffcine produces a correspond- 
ing im reuse m hotU (he degree and duratum of auti-eurarc effect. The dosages 
ttsuallv (Moploved to 007 t,, 0 035 gms of eaffeuie) do not result in a complete 
dreuraiirtdum of the preparation, and Ihetr effect does not last more than 2 
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minutes (fig. 13g). On the other hand, uniisuallj’ large do.«es, a.s 0.21 gms. in- 
travenously, produee a eomplete dccurarization (fig. 13d). 

VI. Effect of sodium henzoaic on various experimental eonditions. As has been 
stated above, the caffeine vas dis.solved in a 5% solution of sodium benzoate. It 
vas important, therefore, to control the action which the sodium benzoate might 
have on the various expei'imental conditions described above (Sections I, II, III, 
IV, and V), in dosages etiiial to tho.se employed in the administration of caffeine. 
We did not find that t he sodium benzoate had any effect whatever on the various 
conditions described above. An example of this can be seen in Fig. 5. Hence 
it is po.ssible to affirm that all the results described in this paper are due to the 



Fig. 13. Rtrenotuunino Action- ok Cakkcin'B on thk Ekkbct ok Prostiomine .cnii thi. 

Dbcokaiuz vi-io.N- Action of Caffeine 

Cat ancsthetircci witli Dial. Upper tracing: quadriceps muscle stimulated indirectly 
with a frequency of CO p'-r minute. 

13a. Onset of glimulalinn. Loner line: time in minutes. 

13b Five minutes after 13a. Upper line: first signal, 75 mg. of prostiginine into femoral 
artery ; .second signal, 0.3(1 cc. of eaircine into femoral artery. Lower line: time in minute'. 

13c. Three and one half minutes after 1.3b. Upper line: first signal, intravenous injec- 
tion of curare; secoml signal, 0.30 ec of c.ilTeinc into femoral artery; third signal, intnayc- 
nous curare, fourth signal, 0,40 cc. of caffeine into femoral artery. Loner line: time u> 
minutes. 

13d. Three ininu'es after 13c. Uppcrlinc: Gcc, of caffeine intr.avenously at the signal. 
Lower line, time in minutes. 


action of caffeine and not to any ctfcct of .sodium benzoate which was used as a 
solvent for the caffeine. 

Discussion. From the tibove described icsulLs it is possible to deduce that 
caffeine acts on the neuromuscular preparation through a double mechanism: 
first, by a direct action on the muscle, and second, by a direct action on the 
neuromuscular junction. The study of the latter action is the one which was of 
greater interest to us. 

It can be said that the strengthening effect of caffeine on indirect muscular 
contraction (see Rc.sults, Section I) and on the response of muscle and the gan- 
glion stimulated by acetylcholine (see Results, Section III), is not due to the 
general \-asodilatorj- effect of the drug, because the hj-potension produced by- the 
drug when injected intra-arterially in the dosages here employed is of very slight 
degree (figs. 4 and 10). Nevertheless, it could be claimed that the local vaso- 
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dilatation which the drug produces could improve the neuromuscular circulatory 
conditions and that this in turn could be the cause of the strengthening effect of 
the drug, and not a direct action of the caffeine on the neuromuscular junction. 
HoNvever, other drugs which produce vasodilatation do not give this effect. 
Furthermore, the effect of the caffeine maintains a special relationship to the 
frequency of stimulation, a fact which without doubt points to a neuromuscular 
mechanism and not to a vascular one. The fact that the effect of caffeine is added 
to the depressant effect of prostigmine (see Results, Section IV), could not be 
explained as a result of vasodilatation. 

It is clear that caffeine acts directly on the neuromuscular junction and on 
the sjmapses of the ganglion. Rosenblueth and Morison (1937) state that 
acetylcholine has a double effect on muscle, one excitatory and the other de- 
pressant. So as to have an excitatory effect the concentration of acetylcholine 
must surpass a certain level, the excitatory thre.shold which is lower than, and 
bears a certain relation to, the paralytic thre-shold; that is, the level of concentra- 
tion of acetylcholine necessary to produce a depressant effect. In view of these 
points, one may well suppose that caffeine ha.s the property of lowering the 
excitatory threshold of acetylcholine, whether we .speak of that liberated by 
stimulation of the nerve or that injected experimentally. The decurarization 
effect and the strengthening of prostigmine by caffeine aie further arguments in 
favor of the concept. 

Tlio pharmacological effect of caffeine on the neuromu.seular junction is quite 
similar to that of eserine or of prostigmine. In fact, caffeine lowere the excita- 
tory thro.shold of aeetylclioline; eserine and prostigmine also lower it (Rosen- 
bluoth and Morison, 1937), the three drup^ thus giving tlie noted effects on 
acefylcholine and curarizod preparations. Ncvcrthplc.ss, there are certain 
differences; caffeine doc.s not inhibit the blood choline esterase in man in thera- 
peutic doses (0.4 to 0 5 gra,, Schuetz, 1943) despite the fact that Bernheim and 
Bernheim (1930) maintain that the drug inhibit.s choline esterase in the central 
nervous system, whereas the depressant effect of e.sorine and prostigmine on 
choline e-sterase is classical. This fact, tiioiigh disputed, may rontrihutc to 
the explanation of caffeine’.s effect being of less duration and intensity than that 
of the otlier sub-'tances Tiiere is, liouover, one major diffeiencc entering into 
tlii.s analogy; e^enne and prostigmine only enhance indirect muscular contrac- 
tion when stimulation is applied at a very low frequency, for example, one every 
10 seconds (Bioun, iXale and FeUlbcrg, 1930; Rosenblueth and Morison, 1937); 
under other conditions the.^e drugs only produce depression. In contrast, 
caffeine encluinces the tension devcloiied by the muscle regardless of the fre- 
(lucncy of stimulation, whether direct or indirect. This discrepancy m.ay be 
ascribed in part to an action of these dnig.s on muscle de.scribed elsewhere (Rosen- 
bluelh, Lunisicy, and Morison, 1930) and iliffering from that dc.sciibcd in this 
jiapci : Section 11 of Results. 

Our obscn alums again dcinonstiatc the siniihrrity lietvicen the neuromuscular 
junction ami the .superior cervical ganglion .since in both caffeine enhances the 
response produced In- acetylcholine (t’amum and Rosenblueth, 1937). 
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SUMMARY 

In cats anesthetized with Dial or Nembutal, or in cats u'hieh have undci'gone 
decerebration or removal of the central nervous system, studies have been made 
on the effect of caffeine injected intra-arterially in doses of 0.007 to 0.035 gras, 
on: a) the contractions of skeletal muscles; b) the neuromuscular .synaptic 
niechanism; c) the superior cervical ganglion stimulated by acetylcholine. 

Caffeine produces an increase in the tension developed bj’’ muscle which is 
being stimulated indirectly (figs. 1, 2, 3, 4, 5, 6, 7, 8 and Results, Section I). 

Caffeine can produce a development of tension in normal muscle (fig. S) a.s 
well as in denervated muscle (fig. 9A). When denervated muscle is stimulated 
directly, caffeine can also increase the amplitude of contractions (fig. 9B, G, and 
D, and Results, Section 11). 

Caffeine is able to augment not only the amplitude of contractions of a muscle 
stimulated by means of acetylcholine, but also those of the nictitating membrane 
similarly stimulated b.v the latter drug (fig. 10 and 11). The enhancing action 
of caffeine on the contractions of the nictitating membrane stimulated by acetyl- 
choline is due to the effect the caffeine exerts upon the ganglion (figs. 11 and 12 
and Results, Section III). 

Caffeine is a decurarizing drug (fig. 13) and augments the action of prostigminc 
(fig. 13; Results, Sections IV and V). 

The mechanism of the action of caffeine on the neuromuscular junction is dis- 
cussed and the conclusion is reached that it lowere the excitatory threshold of 
acetylcholine. The similarities and differences between the pharmacological 
action on the neuromuscular junction of caffeine on the one hand and of escrinc 
and prostigminc on the other, is disevrssed. 

V 
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It is necessary to determine whether large amounts of antihemorrhagic 
quinones given to promote prothrombin synthesis nill exert toxic effects. Gen- 
erally small doses, 2-4 mg. rn magnitude, have been found adequate to correct 
prothrombinopenic states as they occur clinically. More recent studies, how- 
ever, have disclosed the need for larger doses in the following; 

1. As an antidote to dicumarol excess (1-4) 

2. As a prophylactic against salicylate-induced prothrombinopenia (5-8) 

3. As a liver function test (9) 

In 1942 Ansbacher, Corwin, and Thomas (10) studied the tomoity of me- 
nadione, menadiol, and their esters. Their \s’ork established that in animals 
treated wth these compounds or their derivatives the pathological changes in- 
volved primarily the red cells, the chief manifestations of toxicity being hemolytic 
anemia. The 50 per cent lethal dose of menadione given subcutaneously was 
enormous: 138 mg. per kilo. Definite anemia was observed in cats and dogs 
after 5-7 injections of 20 to 25 mg. per kilo of menadione. 

We have investigated in animals and in man the signs of acute and chronic 
toxicity following the administration of Hykinone.’ In mice, rabbits, and dogs 
excessively high and lethal doses of Hykinone were used-, in man therapeutically 
active doses were given in the course of diagnosis or treatment of various clinical 
disorders. The diug was administered orally and intravenously. 

Ax'ixun EXPEUiMi,XTS Extensive studies were conducted in mice, rabbits, 
and dogs to determine the acute toxicity of Hykinone. In addition, several 
scries of experiments were carried out in dogs w-ith high but sublethal doses 
administered daily intravenously for varying periods of time. In order to con- 
■-en’e space, all these data are picsentod here in a very condensed form. 

Acute toxicity; 2G mice were given 1 per cent solution of Hykinone intra- 
\enou«ly. The approximate LD 50 was found to be 250 mg. per kilo. Death 

‘ Hikitione IS the regislered tr.-idcmark of tbc Abbott Laboratories for their original 
.XUiuMtumc Bihuffitp \ti!iitlrous Rcccotlv the firm has ebanged tbcir use of this mark 
to refer to tlic Meindiune I5i>.ulfitc of the U S P which contains .1 molecules of wafer 
Hence, nil du'es of Hvktmmc referred to in this paper must be multiplied V>y 1 2 to 
1 oniert them to the prc'cnt Ihkmonc (Menadione Bisulfite, U S P ) 
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occurred 10 to 15 minutes after injection due to respiratory paralj’sis, and was 
preceded by convulsions, lacrimation, and exophthalmos. 

A 5 per cent solution of Hykinone was injected intravenouslj’' into 25 rabbits. 
The LD 50 was found to be approximatelj’’ 120 mg. per kilo. Most of the ani- 
mals died in convulsions which appeared 15 to 30 minutes after the admirustra- 
tion. Dilatation of the heart was the only pathological finding. Discoloration 
of the blood was not observed. Some of the animals died 1 or 2 days later, 
although no significant symptoms were observ'ed. 

Seventeen dogs were given 25 to 150 mg. per kilo Hj'kinone intravenously as 
5 per cent solution. Only one dog died after 100 mg./kg. but 3 out of 3 died 
after 150 mg./kg. Salivation, vomiting, and restlessness appeared a few min- 
utes after the injection. Death invariably followed within 1 to 24 hours. A 
gray-bluish cyanosis arose about 10 minutes after the injection and the blood 
drawTi at this time presented a dark and sometimes brownish appearance. This 
was noted occasionallj'- after doses of 50 mg./kg. were injected and regularly 
after larger quantities. The presence of methemoglobin was suspected and in 
2 dogs which received 100 mg./kg. intravenously, samples of blood drawn before 
the administration of H}'kinone and at intenmls of 15 to 50 minutes thereafter 
and examined spectrophotometrically, showed the presence of methemoglobin 15 
minutes after the injection. The quantity of methemoglobin commenced to de- 
crease after 30 minutes so that at the end of 45 minutes this pigment could no 
longer be demonstrated and at the same time the external indications of cyanosis 
began to disappear. 

Three dogs were injected with high but sublethal doses of Hykinone repeatedly 
by the administration of 25 mg./kg. intravenously twice dail}’’ for three days 
and then 50 mg./kg. once daily for two days. On the sixth day 80 mg./kg. 
were injected, which was folloived by death of the animals. Prothrombin times 
of the diluted (12.5%) plasma determined by the single stage method of Quick 
varied between 27 and 28 seconds before the injection and became reduced to 13, 
16, 19 seconds respectively on the third day of the experiment. Another group 
of three dogs was subjected to the same procedure and showed an almost identical 
course. The decalcified plasma obtained from these animals clotted promptly 
upon the addition of merely the thromboplastin before reoalcification was exe- 
cuted. All six dogs showed the dark discoloration of the liver, cloudy swelling 
and, in a few instances, early necrosis. All these animals developed severe 
anemia, as described in the following studies on chronic toxicity. 

Chronic toxicitv. Chronic to.xic effects were induced by daily administra- 
tion of 15 to 40 mg./kg. Hykinone intravenously for a period of 15 daj^s. Ex- 
tensive data on all the animals w'ere collected. No particular purpose would be 
sen'^ed by presenting all these findings; hence we have reproduced in table 1 the 
protocols of four dogs which gave typical responses. 

Differential blood counts were made in all animals but revealed no significant 
changes, and are omitted. All of this group of dogs sunived the e.xperiments. 
Dogs I and II were sacrificed to obtain autopsy material. No important change 
in weight occurred. Urine findings were negative with one exception, in which 
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albuminuria was noted after the last injection. Urobilinogen was moderately 
increased in 3 out of 4 cases, and a few red blood cells appeared in 3 of the 
animals’ specimens. During the height of the induced anemia, normoblasts, not 
exceeding 6 per cent, were detected in the blood of some of the dogs except in 
one instance in which the frequency of these cells was 32 per cent. Promptly 
following the withdrawal of the Hykinone the normoblasts disappeared. 

T.tULE 1 


Effect of daily iiUravenous injections of high doses of hylinone in dogs 
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* TaVen after the lOUi injection 


liemnrks Dos 1 received ilail)- ^0 mg /kg Hykinone intravcnousK 
Dog 2 tcceucd daily 25 mg /kg Uykinonc intrnvenouslj 
Dog 3 received d.ul 3 15 mg /kg nykinone iiitravenoiisly 
Dog r icccived iladj 15 mg 'kg Hykinone intr.avcnonsly 


In dog ], iniint>diately after (he animal was sacrificed by chloroform, remaik- 
abic acceleration of the dotting of the blood w as obsciwed" Tlicrc were patclie.s 
of yellowish discoloration throughout the body cavities, but no other gross 
findings. On iiistological examination extenrive fatty degeneration and cloudy 
ill dling of the li vci w as wn. Degenerative changes were noted in the kidney, 
with cast formation and impairment of nudeai staining In dog 11 in addition 
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to the degenerative changes noted above, some irregularities of the cortical cells 
of the adrenals were found. 

A comparative study was made using 2 methyl-1,4 naphthahydroquinone 
diphosphoric acid ester tetrasodium salt (synkayvite).^ Two dogs were injected 
■with 15 rag./kg. of this drug daily for 15 days. The changes in the blood, 
including the prothrombin time, Avere similar to those found after Hykinone. 

Discussion of results. The low degree of acute toxicity revealed in the 
experiments in mice, rabbits, and dogs leads us to conclude that the highest 
dosage levels of antihemorrhagic quinonc used in man to counteract dicumarol- 
induced prothrombinopenia are relatively harmle.ss. Smith, Ry, and Foster (11) 
arrived at similar conclusions in respect to the administration of Hykinone and 
Synkayrdte in animals. They also noted anemia after repeated injections of 
large doses of Synkayvite. We observed a constant depression of hemoglobin 
and eythrocytes with concomitant appearance of normoblasts after repeated 
large doses of H 3 ’kinono. These effects, however, subsided promptlj’ irith restor- 
ation of the normal blood picture upon the withdrawal of the medication. 
Ansbacher and his co-workers (10) favor the view that there is injurj' to the 
circulating red cells; we found no evidence of hemolysis in vivo. 

The leukocytes revealed no constant alteration during or after the injections 
of Hykinone nor did the plasma proteins j’ield anj' significant depression even at 
the height of the anemia. Accelerated blood clotting as evidenced bymarked 
hyperprothrombinemia was noted in some of the dogs after large doses of 
Hykinone. In the subacute toxicity studies the prothrombin time of the diluted 
(12.5%) plasma was reduced to approximately one-half the original value in a 
few days. Similarlj' but less pronounced was the response noted in the chronic 
toxicity series. 

While this work was in progress. Field and Link (21) reported an increase of 
the prothrombin time in experimental animals after a single large dose of 
menandione. 

We Irish to emphasize two facts: 

1. That only by the use of diluted plasma is it possible to detect the hyper- 
prothrombinemia 

2. The prothrombin time becomes extended after protracted treatments with 
Hykinone. 

This phenomenon might be explained, at least in part, bj' the liver damage noted 
at autopsy. Its counterpart (prolongation of the prothrombin time) has been 
obsen-ed by us in man in cases of hepatic disease in ivhich Hj’kinonc was admin- 
istered at high dosage levels. It has proved especially significant in cases of 
suspected liver disease with initial normal prothrombin levels and a procedure 
cmbodj’ing those features has been utilized to detect subelinical liver damage (9)- 

Urobilinogen appeared in the urine. This may have been due either to a 
direct toxic action of these liigh doses upon the liver or to the severe anemia. 
It is noteworthy that transitory mcthemoglobin was detected exclusii'ch' in dogs, 
and after veri' liigh doses of Hj'kinone. 

* Supplied UirouKh the couilcsj' of Dr. Foster of the IIolTman La Roclic f'omp.iuy. 
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Obseevatioxs )X man. Studies were made in a group of cases including the 
following; portal (Laennec’s) cirrhosis, hemachromatosis, acute rheumatic endo- 
carditis, acute arsenical hepatitis, macrocj'tic (primarj') anemia, “idiopathic 
hiTpoprothrombinemia,” non-tropical sprue, nutritional (microcytic) anemia, 
arthritis, and arthralgia. The respective quantity and mode of application of the 
antihemorrhagic quinone used in each case will be indicated later in the paper. 
Since the work in animals established the to.xic effect to consist cluefl3' in the 
depression of the hemoglobin and erythrocyte content of the blood, we sought to 
determine to what extent large therapeutic doses of sjmthetic idtanun K induced 
anemia or aggravated such condition when it was already existing. In addition 
serial prothrombin estimations were made in each case during the entire period 
of observation. Blood counts were made generally before, during, and after the 
course of treatment. 

The method used for the estimation of the prothrombin time is identical with 
that described in detail in previous papers of this series (12-14). It utilizes the 
principle of diluted plasma prothrombin time, by virtue of which the sensitivity 
and reliability of the procedure is greatlj' augmented. Estimation of the diluted 
(12.5%) plasma prothrombin time was made almost daily, at least five times 
each week. The normal standard for man is 39.5 seconds (standard deviation 
±2.5). The thromboplastin was prepared from desiccated fresh rabbit lung. 

In twelve cases the synthetic vitamin K was given perorallj' in conjunction 
with salicjiate therapy. These cases had exhibited slight or moderate’ pro- 
longation of the prothrombin time after liaving received salicylate alone. Acet}-] 
salicjiic acid (1-2 g. daily) was used exclusivelj’' in this series. 

After the course of salicylate administration, the same dose was continued 
and in addition antihemorrhagic quinone in proportion of 1 mg. to 15 mg. to 
each gram of aspirin.’ The duration of the combined therapy was in eight cases 
between 21 and 30 days; in angle instances it was 6, 7, 11, and 14 weeks respec- 
tively. All but two cases revealed gradual reduction of the prothrombin time 
to normal. In these two instances slight prolhrombinopenia continued despite 
the added synthetic vitamin K. One of the cases showed fluctuations in pro- 
thrombin time, oecaaonally, j'ielding slightly prolonged prothrombin times for 
short intervals, but for the most of the time showing normal figures. In two 
cases the diluted (12.5%) plasma prothrombin time became reduced to hj’per- 
prothrorabincmic levels of 27 and 30 seconds respectively. Neither the erj-thro- 
cyte count nor the hemoglobin content of the blood became depressed in any of 
the tw clvc cases. The findings in the case w hich received combined medication 
for the longest period and to which more than 2 g. of the antihemorrhagic 

‘Slmlii ililutcd iili‘<ma protUrombiu time less thsn U, times norms!, moderate— be- 
tween IJ and 2 times normsl (15) 

• Tiiree f,rei.sr.UioHs were used m tins studj I Hjkinonc— 1 inR to each 1 r .ispirm 

(supplied b\ Vbbott laboratories. North Chicapo, Illinois) 

2 Vtimsquin (Vlen idnine hisnlfue) 2 mfi to cseh 1 r .-nspinn (supplied hr Dr X X 
(iordon, Undo fro lurts Ine 1 

3 X.Milvst \ lie l.V IIIR liiciehlR ispirin (supplied In Dr Ix'o \ firk, HofTmnn I.i 
not he Comp un i 
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quinone had been given (more than half of this ivas Synkaiidte) ivere as shoini 
in table 2. 

Five cases of acute rheumatic endocarditis, each receiidng salicylate (sodium 
salicylate or acetyl salicjdic acid) and each showing prothrombinopenia were 
given Hykinone intravenously 5 mg. daily for four days one week and double 
the amount on the same number of days the succeeding week, totalling 60 mg. 
in each instance. In two of the patients only partial correction of the pro- 
thrombinopenia occurred, whilst of the remaining three, two revealed normal 
prothrombin time and one hj’perprothrombinemia, after the Hykinone. The 
other blood constituents were unchanged after the Hykinone therapy in all five 
cases. It is noteworthy that the erythrocyte sedimentation rate was unaffected 
by Hykinone treatment. In one case it became accelerated because of aggrava- 
tion of the rheumatic condition ; in another case it continued increased throughout 
the period of observation because the activity uathin the heart, was unabated. 
In the others it was normal before Hykinone was given and remained unchanged 
after the e.\periment. 

Since the liver is the site of prothrombin synthesis, in the event of prothrom- 
binopenia, the response to vitamin K may be used as a test of the liver function. 


TABLE 2 


1 
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W.B.C. j 

; DILUTED (12J^) 

1 FLASUVrSCH 
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1 
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In another communication (9) we have reported investigations in animals and 
man establishing the high degree of sensithdty and reliability of such a test. 
The procedure includes daily parenteral administration of about 20 mg. of anti- 
hemorrhagic quinone for 3 to G days. In the presence of liver disease an estab- 
lished prothrombinopenia is not susceptible to correction by high dosage of 
menadione bisulfite and in the event of normal initial prothrombin time, the 
repeated injection of Hykinone in the amounts stated, ma}”^ prolong the pro- 
thrombin time beyond normal for one or two days. The initial series studied 
included 18 cases of Laennec’s type of cirrhosis and two of hemachromatosis and 
other diseases implicating the liver in the general disturbance.^ Of the group 
one case of portal cirrhosis exhibited a temporary anemia which promptly re- 
turned to normal after Hykinone was withdraivn (see Chart 1). 

Particularly significant in respect to detection of possible toxicity of anti- 

“ The cases of hemachromatosis included in the series revealed initially severe anemia 
as part of the basic disturbance. The prothrombin curves after Hykinone were typical of 
hepatic disease, the presence of which was revealed at autopsy. This is being reported 
elsewhere by others (IS). It was not possible to relate the severe anemia to Hykinone 
tlierapy. 
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hcinorrliagic quinone was the behavior of the blood in cases of established anemia, 
of both macrocjdic (primary) and microcytic (nutritional) types. One case of 
the former which had been in a state of remission for about one year, induced 
by liver therapy, was given 20 mg. Hykinone intravenously daily for six days. 
The hemoglobin and erythrocyte count were 112 per cent and 4.9 million before 
the treatment and 110 per cent and 5.3 million respectively after it. Similar 
findings were obtained in a case of nutritional anemia and a case of non-tropical 
sprue (see Charts 2 and 3). One case of chronic lymphatic leukemia showed no 
change in the blood picture after 120 mg. Hykinone given intravenously over a 


At ’’A" started HYKINONE 12 mg dmly jnlravenoiMly 
At *3" incieoaed HYKINONE to 20 mg. dcdly mtravenouBly 
At "C" DISCONTINUED AIL MEDICATION 
A B C 



FAnCKT C WORMAt STANDARD DaUTCD (115?^} 

WAG PORTAL ORRHOSiS PIASHA PROTHROKKH TDCC - 31A SSC <±24) 

Chaut 1 


penod of one week A specimen of this patient’s blood obtained a few hours 
after the last injection of Hykinone was examined spectroscopically and no 
mcUicmoglobin was detected. 

A 27 year old married colored female, presenting a picture corresponding to 
that described as “idiopathic hypoprothrorabinemia” (17), was given large doses 
of Ilykiuoiic to correct the coagiilatron defect and possibly control uterine 
bleeding, oozing of the gums after slight trauma, ccchymoses of the skin after 
trivi,<il iiijmy, and frequent no=e-b!eeds Huge doses of ascorbic acid did not 
niter tiio condition nor did the injection of 190 mg. of Hykinone reduce the 
coiiMstcntly prolniigwi prothrombin time during this intcn-.al and a definite 
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anemia occurred, presumably as a consequence of the hemorrhage. Attention is 
drawn to the fact that the character of the prothrombin curve after the Hykinone 
was identical ivith that seen in cases of liver disease and described above (9) 
(see Chart 4). 

Discussion. Consideration of the toxicity of the antihemorrhagic quinones 
should be of one of several orders depending upon the dosage level used. IV hen 
massive quantities are administered adequate to induce acute lethal effects, or 
50 per cent of this amount, the to.xic action of the quinone radical per se appears 
irrespective of prothrombin stimulation. Under such a condition extensive 
visceral damage occurs before the vitamin K-like activitj’ appears. It is akin 


“ 20 mg. HYKINONE latrareaoxuly) 
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to the acute toxicity observed after huge doses of dicumarol before the pro- 
thrombinopenia can be produced (19). 

The animal e.xperiments described above demonstrate the occurrence of prO' 
found toxicity after dosages of about 100-150 mg./kilo. These dosage levels 
proved lethal to dogs. Methemoglobin formation and, at autopsj’", acute degen- 
erative changes especially in the liver were observed. 

A second order of to.xicity is that induced by sublethal doses in animals and 
in clinical application where more than the usual therapeutic amounts are needed. 
The clinical uses of these larger quantities are; 

1. To counteract excessive dicumarol-induced prothrombinopenia 
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2. To prevent prothrombin depletion by salicylates 

3. As a liver function test. 

1, Prothrombinopema consequent to dicumarol administration is susceptible 
to correction by antihemorrhagic quinones. The quantity necessary is 60~ 
100 mg. intravenously. Only a few injections are required, depending upon the 
demands of the particular case. In our investigations comparable amounts of 
Hyldnone even when administered to patients with preexisting hematological 
disorders, were followed by no alteration in the blood picture nor by any aggrava- 
tion in the prevailing hematological disease. 
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2. Salicylates are protlirombinopenia-inducing agents. It has been recom- 
mended that, where these drugs aie administered and the prothrombin time 
found prolonged, antihemorrhagic quinone be added to the therapy. Our 
findings indicate that combined or.al aspirin and rdtamin K-Ukc quinone con- 
tinued for as long as 14 weeks was unattended by any to.vic effect upon the 
erytiirocytc and hemoglobin content of the blood. 

Similarly when large doses of salicylates had been administered in cases of 
active rheumatic endocarditis and Hykinone w.as, added to counteract the pro- 
tluombinopema, no to\ic eficct upon the blood was detected. It is noteworthy 
that the etytlirocvtc s-odinientation rate was in each -case compaVible with the 
chnic.a conditum and not alteicd by aiitihemorrlufgic iiuinonc. . 
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It was possible to examine at post-mortem the tissues of one of the cases 
which had been given large doses of salicylates in the treatment of active rheuma- 
tic endocarditis. Hykinone had failed to correct the prothrombinopenia ; in fact, 
the prothrombin time became further extended after the menadione bisulfite had 
been administered. The only significant pathology, other than in the heart, was 
found in the liver. The gross appearance of the organ was typically “nutmeg” 
and histologically, a picture characteristic of advanced ciniiosis was noted. 

3. The detection of subclinical liver disease appears to be possible by deter- 
mination of the prothrombin time of the diluted (12.5%) plasma and the response 
to relatively large doses of Hykinone. Persistent prothrombinopenia despite the 
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• Chart 4 

administration intravenously of the vitamin K-like substance has been found to 
occur in the presence of disturbed liver function. We find that in the event of 
preexisting normal prothrombin time, the injection of Hykinone repeated on 
several successive days is followed by temporary prolongation of the prothrombin 
time beyond the limits of normalcy, if liver damage is present. Actually, this 
response of extended prothrombinopenia may be verj’- marked when the initial 
prothrombin level is below normal. Because of this paradoxical behavior the 
use of ■vitamin K-likc quinones should be avoided in cases of liver disease espe- 
cially where hemorrhage is imminent or has recentlj^ occurred. 

We have observ'ed evidences of toxicity' very rarely when relatively large 
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quantities of Hykinone have been used. Although several cases with advanced 
cirrhosis of the liver were included in the series, in only one was anemia obseived, 
and in this case the blood pictuie returned to normal promptly after the quinone 
derivative was withdiawn. In other instances in which specific therapy was 
being administered to coriect established anemia, the Hykinone did not interfere 
with the favorable lesponse to the hematopoietic agents. 

A single case which presented the clinical characteristics of “idiopathic hypo- 
prothrombinemia” showed a prothrombin response to high dosage levels of 
Hykinone identical with that of liver disease; i.e., a temporary aggravation of the 
prothrombinopenia and, by virtue of it, increased tendency to hemorrhage. 

Other toxic effects exerted by quinones are suggested by their capacity to 
depress artificially induced hypertension (20). This opens an interesting field 
in the possible therapeutic applications of these compounds to the control of 
some types of hypertension.® 

CONCLUSIONS 

The lethal agent in menadione bisulfite addition product (Hykinone) is the 
quinone radical. It pioduces its effect acutely and irrespective of prothrombin 
synthesis. 

Repeated injections of dosages greatly in excess of those generally used for 
correction of prothrombinopenia in man but sublethal, produce depression of the 
erythrocyte and hemoglobin content of the blood w'hich promptly reverts to 
normal upon withdrawal of the drug 

In man doses approximately ten times as gieat as those generally i ecommended 
for therapeutic use, given daily for a peiiod of one week, induce no significant 
changes in the blood. 

In normal subjects laige doses of Hykinone can produce temporary hyper- 
prothrombinemia; m cases of liver disease similar amounts of menadione bisulfite 
extends the prothrombin time. 

A liver function test of high sensitivity is established by the effect of anti- 
hemorrhagic quinones in the presence of hepatic disease. By this means it is 
possible to detect liver disturbances m subclinical stages and when the existing 
prothrombin level is normal. 

The long continued administration of synthetic vitamin K prepaiations com- 
bined with aspirin is accompanied by no alteration in the hemoglobin and erj'thro- 
cytc content of the blood. 

When Hykinone is administered in cases of active rheumatic endocarditis to 
counteract the prothiombinopenia caused by salicylate medication, the blood 
leniains free of toxic changes. 
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It was possible to examine at post-mortem the tissues of one of the cases 
which had been given large doses of salicylates in the treatment of active rheuma- 
tic endocarditis. Hykinone had failed to correct the prothronjbinopenia;in fact, 
the prothrombin time became further extended after the menadione bisulfite had 
been administered. The only significant pathologj’, other than in the heart, was 
found in the liver. The gross appearance of the organ was typically “nutmeg" 
and histologicall}', a picture characteristic of advanced cirrhosis was noted. 

3. The detection of subclinical liver disease appears to be possible b 3 ' deter- 
mination of the protlmombin time of the diluted (12.5%) plasma and the response 
to relatively large doses of Hj’kinone. Persistent prothrombinopenia despite the 


-O- “ 10 mg. HYKINONE intravenously 
♦ “ 20 mg. HVKZNONE infravenoiisly 



PATIENT: G. H. AGE: 25 NORMAL STANDARD DILUTID (I2.59&J 

DIAG: IDIOPATHIC HYPOPROTHROMBINEHIA PLASMA PROTHROMBIN TIME « 39J SIXL <±2.5) 

• Chart 4 

administration intravenously of the vitamin K-like substance has been found to 
occur in the presence of disturbed liver function. We find that in the event of 
pree.xisting normal prothrombin time, the injection of Hykinone repeated on 
several successive days is followed b 3 ' temporarj’’ prolongation of the prothrombin 
time beyond the limits of normalcy, if liver damage is present. Actually, this 
response of extended prothrombinopenia may be verj’’ marked when the initial 
prothrombin level is below normal. Because of this paradoxical behavior the 
use of vitamin K-like quinones should be avoided in cases of liver disease espe- 
cially where hemorrhage is imminent or has recently occurred. 

We have obsenmd evidences of to-xicity very rareiv wlipn vplnfK-oiv inrtrp 
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A series oUsurface-active choline derivatives has recently been synthesized by 
one os us' in collaboration with Dr. Swan of the Department of Ophthalmologj'. 
One of these new sjTvthetics, namely; dimethyl-ethyl-d-hydroxy'ethylammonium 
sulfate di-n-butyl carbamate, called dibutoline, was found to be the most effective 
compound of the series in producing mydriasis and cycloplegia (1, 2). The 
ocular pharmacolog}' and clinical uses of dibutoline have been reported by Swan 
and Yliite (3). These authors made no detailed studies on the ^-steimc action 
of this compound, which was considered of sufficient importance to warrant more 
exhaustive experiments on its general pharmacology. Other than the toricologi- 
cal studies, the experiments have been directed chieflj' to a study of the anti- 
spasmodic activity of dibutoline and such other experiments as might give some 
insight into its mode of action. 

Toxicity The toxicity of dibutoline was studied in albino rats following in- 
traperitoneal injection and administration by stomach tube. Injections were 
given as one per cent solutions in physiological saline in doses calculated as mil- 
ligrams per kilogram. Fifty rats weighing approximately one hundred seventy 
grams each were employed and were observ'ed for twenty-four hours for fatal 
outcome. The LDw was found to be 22 mgm./kgm. for intraperitoneal injection, 
llhen as little as 15 mgm./kgm. were given by this method the rats exhibited 
labored respiration, and when the dose was increased, respiratoiy difficulties be- 
came more severe. Death was preceded by tremors and con\-ulsions. After oral 
administration of as much as 500 mgm./kgm. of the drug no symptoms of any 
kind were observed. 

/VxTisp.ASMODic .ACTIVITY OX isoiATED MUSCLE. Intestinal: Isolated smooth 
muscle segments of rabbit gut were employed in oxygenated Tyrode’s solution by 
the Magnus method (4). Drugs were added directly to the bath. Five rabbits 
were u=ed in carrying out the eighty experiments on this phase of the 
uork. Direct effects of dibutoline in the absence of previously induced stimula- 
tion were ob^eived, as well as the ability of the drug to antagonize a tjpical mus- 
culo-.stimulant drug such as barium chloride in a strength of 1:25,000 and 
a typical neurotropic drug like mecholyl at 1:12,500,000 concentration. In 
figure I are shown the direct effects of dibutoline in varying concentrations on 
isolated strip- of rabbit gut. In each instance there was a slight loss of tonus 
accompanictl by little interference with the contractions of the muscle. 

Tlif .stimulation induced by mecholyl in a concentration of 1:12,500,000 is 
.■•iiown in figure 2, X, follov\ed by a demon.stration of the antagonistic effect of 
dibutoline in a concentration of 1 :400,000, The third addition of mecholyl, after 

' N <; While, now with Merck and Company, Inc., Rahway, Xcw Jersey 
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dibutoVme, caused only a barely perceptible stimulation of the muscle, showing 
that the dibutoline present had blocked in some manner the stimulating action of 
mecholyl. Although dibutoline in 1 -.400,000 “solution was found to be the most 
effective concentration for consistence m returning the gut strips to normal after 
stimulation by mecholyl, concentrations as low as 1 : 2,000,000 rvere also effective 



iti^irc 2, H) -nm. iowci comentiation compared favorably with the action of 
I -.i.ODO.fKK) atiDjiinc ((ikuic 2. 1)1 Wlicn dibutoline v\:i.s given Mmidtaneousiy 
w nil mc< holv 1 and at nipino w a-, gn cn -tmuUaneoU'.ly w itb oi befoi e mecholyl, the 
iv~p„!,.c.. obtained (figm-p> 2. 11. D weie -mniar to tho-e diown with dibutoline 
uloiK III fisuiv t AUbmigh dibutoline wiu, effective m overcoming or blocking 
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One dog was prepared with a Thiry-Vella loop and a colon fistula and on sbc 
different days tracings were made of the intestinal movements as above. A 
record of the normal contractions of the small intestine and colon in the unanes- 
thetized dog was made for comparative purposes and is shown in figure 5, C. 



Fig 4 


Dibutohnc injected in a concentration of 0.25 mgm Agm. subcutaneously (figure 
5, A) relaxed the colon for a period of ninety minutes before a normal series of 
contractions occurred This relaxation was of the same duration as that caused 
by atropine sulfate in the same concentration (figvire 5, B). However, as these 
tracings show, dilnitoline relaxed the .small intestine for only seventy'minutes, 
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the stimulating action of mecholyl, the concentration used was not great enough 
to block the stimulating action of barium chloride in a concentration of 1:25,000 
(figure 2, C) ; however, a further addition of dibutoline, 1 : 50,000, was sufficient to 
overcome partially the effect of the barium chloride. 

Barium chloride in a concentration of 1 : 25,000 caused a marked stimulation of 
the gut strips (figure 3, A) which required concentrations of dibutoline as high as 
1:5,000 (figures 3, A, B) to bring the contractions of the strips back to normal, 
and even this concentration was not sufficient to prevent further stimulation by 
barium chloride. For comparative purposes the effect of atropine in 1:2,500 
concentration, added after stimulation of the intestinal strips by barium chloride 
is shown (figure 3, D). In this case the contractions returned almost to normal 
for a time, then became ver}' irregular. Although the simultaneous administra- 
tion of 1:5,000 dibutoline and 1:25,000 barium chloride (figure 3, C) resulted, 
after a brief depression, in the typical barium chloride action, the addition of the 
same amount of dibutoline a few seconds prior to the addition of the barium 
chloride caused an almost complete inhibition of the barium chloride stimulation 
(figure 3, E). Atropine in a concentration of 1:8,000 was capable of inhibiting 
for a time the stimulation due to barium chloride (figure 3, F), then the strip (as 
in III, D) went into a spasm and all contractions stopped. Histamine, another 
musculo-stimulant drug like barium chloride, was shown in a single e.v'periment 
to exert its stimulating action regardless of the presence of 1 : 10,000 dibutoline 
(figure 3, G). 

Uterine: In a similar manner the effect of dibutoline was tested on isolated 
strips of uteri from four guinea pigs. No effects were noted when dibutoline was 
added in concentrations up to 1:20,000, but this dose and greater doses elicited 
increased contraction roughly equivalent to that caused by 1 : 100,000 histamine. 
This observ'ation connot be explained in the light of present pharmacological 
knowledge. 

Antispasmodic action on stomach, small intestine, and colon in vs- 
ANESTHETIZED DOGS. Three dogs were prepared with gastrostomies and Thin’- 
Vella loops and the movements of the stomach and small intestine were recorded 
in the unanesthetized dogs on twenty different days in the manner of Plant and 
Miller (5). Dibutoline given subcutaneous^' in a concentration of 0.25 mgm./ 
kgm. was effective in relaxing both small intestine and stomach (figure 4, A). 
This same concentration of the drug was also effective in preventing the increases 
in tonus and height of contractions resulting from the subcutaneous injection of 
0.5 mgm. of prostigmine (figures 4, B, C). Dibutoline was equally effective Mth 
atropine in blocking the action of prostigmine given simultaneouslj' Mth the 
antispasmodic drug and in overcoming the stimulation of previously administered 
prostigmine, both with the concentration used above and with 0.1 mgm./kgm. 
Oral doses of 10 mgm./kgm. of dibutoline to two dogs failed to have an effect on 
the motility of either stomach or gut, and a dose of 5 mgm./kgm. placed directly 
in the loop of small intestine also failed to elicit any response. However, oral 
doses of 50 mgm./kgm. were effective in decreasing the tonus and height of con- 
tractions. 



PHARMACOLOGY OP MBOTOLIXE 


111 


An experiment was conducted to compare the ability of dibutoline nitb that of 
atropine in overcoming the depressant effect of acetylcholine on the blood pres- 
sure of an anesthetized dog. Drugs were injected in the femoral vein. Acetyl- 
choline given in a concentration of 0.01 mgm./kgm. caused a 30 mm. (Hg) drop 
in the blood pressure. Atropine given in the same concentration was sufficient 
to prevent this decrease in blood pressure from a subsequent injection of acetyl- 
choline, but 0.1 mgm./kgm. of dibutoline was required to prevent this 
blood pressure drop (figure 6). 

Action on the biadders of unanesthetized dogs. The technique of Lang- 
worthy, et al. (6) was used to obtain a kjunographic record of the effect of 
dibutoline on the bladders of unanesthetized dogs, and to measure the ability of 
dibutoline to overcome the effect of parasympathetic stimulation, w'hich, ac- 
cording to the accepted theor 5 ', results in an increased tone of the bladder mus- 
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Fig G 


culatme and a decreased tone of its sphincters, thus reducing the capacity of the 
bladder. 

Three normal dogs weie used. They were trained to lie under light restraint 
while normal saline at room temperature and under a constant head of pressure 
was allowed to flow into the bladder through a metal catheter until fluid was e.x- 
prcsi^cd around the catheter by bladder contraction, then inflow and kjmograph 
were stopped and the bladder permitted to empty. 

Measurements of the tonicity and capacity of the bladder and the urethral 
resistance to the outflow of urine were made according to the procedure of "Winter 
(7). A tonicity reading in terms of "degrees of slope” was obtained by measuring 
the acuteness of the angle made by the rising line which recorded intravesical 
pressure on the kj-mogr.aph drum Likenise according to Winter (7) an estimate 
was obtained of the urethral resistance by determining the pressure at which 
fluid first appeared around the catheter after having traversed the entire urethra- 
the volume of .saline needed to fill the bladder to the point nherc the urethral 
rc'-istaneo wa^ overcome was iccorded as the capacity of the bladder. 
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while the period of relaxation following atropine was three times as long. After 
dibutoline there were no signs of restlessness, dilatation of the pupils, or dnmess of 
the mouth as observed after atropine. 

Blood pressure and pulse effects. Subcutaneous injections of 0.25 mgm./ 
kgm. of dibutoline in four dogs caused in each case a slight drop in pulse countin 



Fig. 5 


the first five minutes folloning injection, followed by an increase of si.xteen to 
thirty beats per minute in from ten to eighteen minutes, with a return to normal 
in thirt}’- minutes. There was no noticeable effect on blood pressure from 
the same dose given intravenously to two anesthetized dogs; however, 2 mgm./ 
kgm. produced a slight decrease. 
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the efficiency of a 0.25 mgm./kgm. dose of atropine sulfate in overcoming the 
action of mecholyl are also shomi for comparison. 

Effect on salivaey secretions. In an effort to get some further insight into 
the mode of action of dibutoline, the effect of the drug on the secretions of the 
salivarj' glands, which respond entirely to nervous control was compared with 
the well knovm effect of atropine on the same process. Two dogs were anesthe- 
tized with pentobarbital sodium (30 mgm./kgm. intravenously). In each the 
chorda tympani and cervical sjmipathetic nerves were e.xposed and prepared for 
stimulation. Wharton’s duct was e-v-posed and a cannula attached to a drop 
recorder was inserted. Drugs were injected into the femoral vein. The results 
obtained are shonm in table 1. Stimulation of the peripheral ends of the severed 
chorda tympani and cervical sympathetics brought the typical response and 
served to form a basis for comparing the actions of the drugs used later. Pros- 


TABLE 1 

Aclion oj dibutoline and atropine on salivary secretions 



DIBUTOllNZ 

VTROPIVE 


DOC 1 (19 5 

DOC 2 (16 


xcu) 



drops 

drops 

1. Stimulation of chorda tyinpani (neak stimulus for 5 seconds) 

14 

12 

2. Stimulation of cervical sympathetic (strong stimulus for J5 



seconds) 

5 

4 

3 rrostigniine 0 2S ingm. 

' 0 

0 

4. Acetylcholine 0 5 mgm. 

15 

20 

5. Dibutoline 0 5 mgm /kgni. 

0 


0. Atropine 0 5 mgm.A'gni. 

1 

0 

7. Acetylcholine 0.5 mgm. 

' 0 

0 

8. Stimulation of chorda tympani (weak stimulus, 5 seconds) 

0 

0 

9. Stimulation of cervical sympathetic (strong stimulus, 15 



seconds) 

4 

3 


tigmine had no effect on the secretions, but did prevent the destruction of a sub- 
sequent dose of acetylcholine. Dibutoline « as as effective as atropine in blocking 
the action of acetylcholine and the electrical stimulation of the chorda tympani. 
Tlic observation that stimulation of the cervical sjunpathetic after dibutoline 
caused secretion fiom the salivaries suggests that, like atropine, dibutoline acts to 
block only the cholinergic sj'stem. 

BuoNcnomuwiNG epixct. The lungs of three guinea pigs were perfused with 
non-o\ygenatcd Locke-Ringer solution cs'=entially according to the technique 
deset ibed by Sollmann and von Oettingen (8). The rate of flow of perfusion fluid 
was measui cd u ith a drop recorder. Histamine in such small quantity as 0.002 
mgm. injected into the' cannula caused a marked constriction of the bronchioles 
M hich could not be overcome effectively with additions of dibutoline in concentra- 
tions a.s high as 5 tngin. However, dibutoline was cffcctiic in preventing the 
normal bnmchoconstiicting action of pilocaipine. 
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In figure 7, A the average urinarj'- bladder responses of three dogs are plotted. 
It can be seen that dibutoline given in a concentration of 0.5 mgm./kgm. sub- 
cutaneously caused no changes in any of the functions which exceeded the limits 
of normal variation. In the lower graph (figure 7, B) averages for two dogs are 




recorded. Mecholyl caused a marked increase in slope (greater tonicity) and a 
marked reduction in the capacities of the bladders. Urethral resistance varied, 
but did not exceed the normal limits to an appreciable extent. Dibutoline given 
twenty minutes after the mecholyl not only overcame the effects of mecholyl, but 
also prevented the action of a subsequent dose of mecholyl. Data obtained on 
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The detoxication of selenium by arsenic was first reported in 1938 (1), when 
it was found that small amounts of arsenic (sodium arsenite) in the drinking 
water protected rats against the toxic action of selenium in seleniferous wheat 
which was included in the diet. Later work has shown that arsenic is eSective 
against sodium selenite as well as the selenium which occurs naturally in wheat 
grown on seleniferous soils (2), With oral administration of both selenium and 
arsenic, detoxication has been satisfactory with hogs (3), dogs (4), poultry (5) 
and cattle (6), as well as with rats. 

The mechanism by which arsenic counteracts the toxicity of selenium has not 
been explained but it has been suggested (7) that the arsenic combines with 
selenium in the gastro-intestinal tract and decreases the absorption of selenium. 
Besearch on the metabolism of selenium (8) wmuld, however, indicate that arsenic 
does not interfere with absorption of selenium from the gastrointestinal tract. 
If the arsenic acts by preventing the absorption of selenium, it should be rela- 
tively ineffective as a detoxicant when given by subcutaneous injection. Like- 
wise, arsenic given orally should not detoxify selenium given by subcutaneous 
injection. 

ExTEniMEXTAb. Nine groups of rats were used in the first series (series 15) 
as shown in table 1 . Five female rats were used for each group. They weighed, 
from 50 to GO grams when started on experiment. The average initial weight of 
rats in each group was 55.2 grams. 

The diet was of the following composition : 


Wheat 

% 

S2A 

Casein 

10 0 

Salt mixture {Phillips-Ilart No 3) 

1.0 

Cod Li%-cr Oil 

1.5 

Yeast 

1.0 

Lard 

. 3.0 

For groups 4, 5, and G, sufficient sodium selenite was added to the diet so as to 

give a sclcnuim content of 16.5 p.p.m. 

The drinking water for groups 2, 5, and 
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Discussion. In view of the relative concentrations used in overcoming the 
stimulating effects of mecholjd and barium chloride and the similarit}' of the 
action of dibutoline and atropine on the acti\dty of isolated muscle, stomach, 
small intestine, colon, blood pressure, pulse effects, bladder musculature and 
sphincters, and the salivary secretions, it appears that the primaiy action of 
dibutoline, like atropine, lies in blocking the response to cholinergic stimulation. 
Dibutoline apparently blocks the muscarinic responses to acetylcholine and the 
parasjunpathomimetic drags, whether they are excitatorj' as in the intestine and 
bladder or inhibitorj^ as in the heart. However, the data presented here do not 
offer conclusive evidence that dibutoline is lacking in direct muscular effects. 
The drug seems desendng of clinical trial as an antispasmodic, especiall}' since 
there are apparently no unfavorable side actions following it administration. 

suM-M-rny 

Dibutoline has been shown to have favorable antispasmodic effects on smooth • 
muscle when given by injection, but to be effective in oral doses, over 30 mgm./ 
kgm. must be administered. It has been shown to be more effective in over- 
coming or blocking the stimulation or inhibition of smooth muscle due to neuro- 
tropic ‘drags, like acetylcholine, than in overcoming or blocking the action of 
musculo-stimulating drugs, like barium chloride. The mode of action of dibu- 
toline appears to be similar to that of atropine. 

The authors gratefullj- acknowledge the assistance in preparing the animals, 
and the suggestions and criticisms given bj- Dr. E. G. Gross during the progress 
of this work. 
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8 contained 7.5 p.p.m. of arsenic (sodium arsenite). The solutions of selenium 
(sodium selenite) and arsenic (sodium arsenite) used for injections were made up 
in physiological saline solution. The consumption of selenifcrous diet by groups 
4, 5, and 6, and of arsenic-containing water by groups 2, 5, and 8, ivas measured 
and recorded daily. These values were used in computing the amounts of 
selenium and/or arsenic to be injected into the animals in groups 3, 6, 7, 8, and 9. 
All rats which died during the course of the experiment were autopsied and their 
livers examined for gross lesions. All rats surviving at the end of the experiment 
(48 daj’s) were sacrificed and examined for gross liver lesions. 

Two more series of rats were used to determine the ratio of arsenic to selenium 
for detoxication when both elements are given by subcutaneous injection. The 
rats in these two series were maintained on a stock colony ration. They were 
given selenium by subcutaneous injection as shown in table 2. 

B-esults and discussion. The mortality of rats in the various groups (series 
15) is shown in table 3. Deaths occurred in only four of the groups; 4, 5, 7, 

TABLE 2 


.Series 16c, and IGd; average hfc of rats 



CROUP NO (5 RATS TO A CROUP) 

DAIU :>OSE IN MOU /NO* 

Selenium 

Arsenic 

lOc 

1 (8 days) 

3 S 

3 a 

16c 

2 (all lived) 


3 5 

16c 

3 (4 days) 

3 5 


16d 

1 (1 died 6 days, 4 lived 65 days) 

3 0 

1 5 

16d 

2 (ail lived) 


3 5 

16d 

3 (4 died 1S.5 days, 1 lived— severe cirrhosis) 

1 ' 0 



* Subcutaneous injectiou. 


and 8. It will be noted that regardless of the route of administration of either 
of the elements the arsenic was cfSective as a detoxicant. The mortality of 
groups 5 and 8, which received arsenic, was not as high as in groups 4 and 7 
where no arsenic was given. Tlte rats in group 7 which received selenium by 
subcutaneous injection in amounts equal to the oral selenium consumption in 
group 4 all died within seven days after they were put on experiment. This 
would indicate that the sodium selenite which was consumed in the diet was not 
as toxic as when given by subcutaneous injection. It has been shown that the 
orally ingested selenium is not completely absorbed from the gastro-intestinal 
tract (8). Furtheunore, the selenium which is absorbed from the gastro-intes- 
tinal tract passes through the portal vein into the liver before it entere the .sys- 
temic circulatorv svstem which would allow for hepatic detoxication and thus 
protect the body tissues from some of the selenium which is absorbed from the 
g.astro-intestinn! tract. On the other hand, selenium which is injected into the 
Mibcutancous ti-ucs is absorbed into the systemic circulatoiy svstera and has an 
opporlumiv to contact many tissues before it is subjected t<) detoxication by 
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TABLE 1 

Series IS: treatment of rats 


GROUP 

TREaTUE.S'T 


Selenium (sodium selenite) i 

Arsenic (sodium arsenitc) 

1 

Xone 

None 

2 

None 

Orally, 7.5 p.p.m. in drinking water 

3 

Xone 

Subcutaneously, amount equal to aver- 

4 

1 

Orally, 16.5 p.p.m. in diet 

age intake of rats in Group 2 on 
previous day 

Xone 

5 

Orally, 16.5 p.p.m. in diet 

Orally, 7.5 p.p.m. in drinking water 

6 

Orally, 16.5 p.p.m, in diet 

Subcutaneously, amount equal to aver- 

7 

1 

Subcutaneously, amount equal to aver- j 

age intake of rats in Group 5 on 
previous day 

X’one 

8 

age intake of rats in Group 4 on 1 
previous day 

Subcutaneously, amount equal to aver- 

Orally, 7.5 p.p.m. in drinking water 

9 

age intake of rats in Group 5 on 
previous day 

Subcutaneously, amount equal to aver- 

Subcutaneously, amount equal to aver- 


age intake of rats in Group 6 on 

age intake of rats in Group S on 

1 

! 

previous day 

jirevious day 


Zm 



Df^Y6 

Fie. 1. Growth Cub\’es of Rats ik Series 15 

Weights in grams 

Figures in circlc.s — rats remaining alive 

(0) — element ailmini.stered orally 

(1) — clement administered by subcutaneous injection 





(l) Ar„ ^ ^^bibifi,, 

■'■"'''•• '0S3,J9,0. 
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the liver. The rats in group 7 (table 4) aU died before liver lesions developed and 
they had received an average of only 0.268 mgm. of selenium. The rats which 
died in group 4 had developed moderate to severe liver cirrhosis and had re- 
ceived an average of 3.08 mgm. of selenium at the time of death. 

In the two other series (16c and 16d) it was shown further that arsenic ad- 
ministered subcutaneously would counteract selenium given b}' the same route. 
It was also shomi that the amount of selenium which 1.5 mgm./kg. of arsenic 

TABLE 3 


Series IS: mortality of rats in experiment 


CROUP NO. 

1 

1 

treatuunt 

% MOBTAtlTY 
rUXINC EXPEJII' 
vent (48 PA\S) 

1 AVCSACE NO. or 
DA\ S ON EXPT. 
or RATS TVHICn 
DIED DtTRINC 
EXPEBJaENT 

1 

No Se., No As. 

0 


2 

No Se., As. (Orally) 

0 


3 

No Se., .As. (Subcut.) 

0 


4 

Se. (Orallj'), No As. 

so7c 

30.2 

5 

Se. (Orally), As. (Orally) 

20% 


6 

Se. (Orally), As. (Subcut.) 

0 


7 

Se. (Subcut.), No As. 

100% 

0.2 

8 

Se. (Subcut.), As. (Orally) 

80% 

O.S 

9 

Se. (Subcut.), As. (Subcut.) 

0 



TABLE -1 


Series IS: condition of livers from rats 


GROUP 

NO. 

CONDITION or llt'ERS OF RATS traiCH DIED DURING 
EXPERIMENT 

CONDITION or LIt'ERS OF RATS U’HICH RUR'TV'ED 

4 

Moderate to severe cirrhosis 

Mild cirrhosis, slight atrophy 

5 

One, severe ‘‘hobnailed” cirrhosis 

Mild to severe cirrhosis. One, severe 
cirrhosis witli atrophy 

6 


Slight necrosis with atrophy 

7"“ 

All died before lesions developed 


8 

Three died first week. One died after I 
25 days, some necrosis ! 

One survived, no lesions 

9 

1 


No lesions 


will detoxicate is between 1.0 and 1.5 mgm./kg. when both elements are adminis- 
tered subcutaneously. 

The growth of the rats as showm in Figure 1 is of particular interest. Arsenic 
alone reduced the growth rate only slightly, while in the presence of selenium 
the arsenic greatly improved the growth of the animals. 

SUMMARY 

It has been demonstrated that the detoxication action is independent of the 
route of administration of either the selenium or the arsenic. This would not 
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Local infection of mice. A method identical with that described by Morgenroth and 
Abraham (7) for local infection with Streptococcus hemolyticus was used. Doses of 0.1 ml. 
of undiluted cultures of C. diphtheriae in trj'ptose-phosphate broth were injected sub- 
cutaneously into the abdominal wall of mice. As 0.1 ml. of a 10^’ culture dilution still 
produced subcutaneous abscesses and necrosis of the skin, the actual infective dose cor- 
responded to about 100 minimal doses. All controls developed abscesses and necrosis. 
The infective organism was always recovered from the site of the lesion. Immediately after 
infection, different dilutions of penicillin dissolved in 1 ml. saline were injected subcutane- 
ously into the site of infection. The mice were killed 48 hours after infection and treat- 
ment, and cultures were taken from the site of the lesion. 

Oeserauzed infection of mice. Overnight cultures of the bacillus in tryptose-phos- 
phate broth, diluted to 10"*, were injected into mice in 1 ml, 5% mucin. In more recent 
experiments, slant growths on blood agar suspended in broth were brought to a turbidity 
corresponding to that of the broth cultures {55-60% light transmission on the Fisher Elec- 
trophotometcr, Filter A) and (Fluted to 10~*. The infective dose corresponded in both 
cases to 100 average lethal doses. 

Diphtheria infection of guinea pigs. One ml. of an overnight broth culture diluted to 1 
to 10 in saline was injected subcutaneously into guinea pigs of 300-500 g. of weight. The 
number of cells injected in different experiments varied between 1,400,000 and 8,500,000. 

3. Experimental, (o) Bacteriostatic aclivily of penicillin in vitro. The 
findings of Abraham, Florey, and associates (2) were confirmed in this laboratorj'. 

The growth-inhibitii^ concentration of penicillin in vitro, as tested with the 
serial (filution method in papain digest glucose broth or in tryptose phosphate 
broth, corresponds to 1.5 to 1.25 units/ml. as measured by cup test against S. 
aureus 209, Partial growth inhibition was observed with concentrations of 
0.35 units/ml. This is an approximately 100 times higher concentration than 
is required for the growth inhibition of 0-hemolytic streptococci and of pneu- 
mococci. 

Furthermore, it was studied whether penicillin exerts any influence on the toxin 
formation by C. diphtheriae. Intradermal injections of rabbits with 0.2 cc. of 
broth cultures after 20 hours’ contact with penicillin at 37°C. showed that in all 
tubes in which the growth of the organism was not completely inhibited, 
diphtheria toxin was formed. The characteristic skin lesions produced by cul- 
tures in which the growth was partly inhibited were, however, smaller (15-22 mm. 
diameter) than those from fully grown cultures which contained less than 0.3 
units/cc. penicillin or no penicillin at all (28-38 mm. diameter). This indicates 
that the toxin formation is not influenced directly by penicillin; the amount of 
toxin formed was decreased to the extent to which bacterial growth was inhibited. 

(6) Local effect of penicillin on C. diphtheriae lesions in mice. Penicillin doses as 
high as 800 to 2000 units failed to influence the development of lesions. Cultures 
from most of these lesions showed growth of C. diphtheriae. In only 4 our of 25 
caecs no growth w as obt.ained. 

(e) Systanic aclivily of penicillin on diphtheria hacillus infection of mice. {Ap- 
pendix: Sulfadiazine). "Ilie systemic activity of penicillin on lethal infections 
with C. (.iiphthcriac was tested in mice infcct(xi intra-abdominally with .suspen- 
sions of C . diphtheriae in 5% mucin. 

Infection. According to the data on the vinilcncc of C. diphtheeria culture.?, 
given in tabic 1, it appc.-irs that fiie I.Dsn convspond? to 1 ml. of the 10“^ dilution 
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1. Introduction. The diphtheria bacillus as a gram-positive organism was 
found to be fairly sensitive in vitro to the bacteriostatic activity of penicillin 
(Chain and Florey (1) ; Abraham and associates (2) ; Fleming (3)) . The actitity 
of penicillin on experimental infections with Corynebacterium diphtheriae in 
vivo has not yet been studied so far; this might be due to the difficulty 
of producing experimental infections without interference with the lethal action 
of diphtheria toidn.* A bacterial infection without toxemia has been obtained 
recently by Seligmann and Jungeblut (5) by injecting very large doses ol 
diphtheria bacilli into rats. It could be assumed that the white mouse would 
respond similarly to an infection with C. diphtheriae. 

The mouse is considered highly resistant to infection with C. diphtheriae, and 
several investigators (Kolle and Schlossberger; Hippke; Ulrich; WolF) re- 
ported more or less unsatisfactory results. -\s to the toxin effect, a recent 
w'ork of Petherick (6) shows that mice are 170 times more resistant than guinea- 
pigs to diphtheria toxin given intravenously, while the skin of the mouse is 20,000 
times more resistant. How'ever, it was found by us that intra-abdominal infec- 
tion of mice with C. diphtheriae in mucin is successful and offers the first reliable 
method by which to study chemotherapeutic activity. In this tj'pe of experi- 
ments, the influence of the toxin produced by the micro-organism plays only an 
insignificant role. 

This method of infection enabled us to investigate the aniihaclerial action of 
penicillin against C. diphtheriae. Experiments on the antitoxic activity in vitro 
and in vivo were included in these studies. 

2. Material and methods. Corynebacterium diphtheriae No. 9060, Gravis Type, ob- 
tained from the American Type Culture Collection, was used throughout this study- Over- 
night cultures in tryptose-phosephate broth (Difeo) or papain digest glucose broth were 
used for in vitro experiments. In animal experiments, broth cultures on tryptose-phos- 
phate broth and slant grow-ths on blood-agar, suspended in broth, were injected in ap- 
propriate dilutions. For organ cultures, solid media containing potassium tellurite were 
used. 

The diphtheria toxin No. 3915, utilized for neutralization experiments, was kindly 
furnished us by Dr. A. J. Weil of Lcderle Laboratories. 

A commercial antiserum (Lcderle, No. 54H4892), containing approximately 4000 units/ 
ml., was used as antitoxin. 

' According to Neter and Will (4), penicillin does not neutralize tetanus toxin in vitro. 
Their findings have been confirmed in this laboratory as far as lower concentrations of 
penicillin are concerned. Higher concentrations (e.g., 2500 u./cc.) and prolonged contact 
at 37°C. neutralize 2 MLD of tetanus toxin. 

' Quoted from Seligmann and Jungeblut (4). 
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theria bacillus. A.s was to be expected, lower doses administered repeatedly; 
i.e., 10-25 units to a total of 40-100 units/20 g- penicillin, gave similar therapeutic 
results. 

Mice .surviving infection following chemotherapeutic treatment were com- 
pletely sterilized as shown by cultures made from the organs. 

Appendix. IVe used the same method for testing the antibacterial activity of 
sulfonamide.s in diphtheria infection. 

Table 3 show.s that a .single oral treatment with 50 mg./kg. sulfadiazine pro- 
tected 50% of the mice against infection with 100 ilLD. With higher doses or 
repeated treatment, all animals could be protected. 

It might be mentioned in thi.s connection that antitoxic serum injected sub- 
cutaneously in do.=es as high as 40 umts/20 g. mouse was almost ineffective in this 
type of infection. This is in agreement with the observations made on rats by 
Seligmann and Jungeblut (5). The inactivity of antito.xin treatment in mucin- 
infected mice can be considered as an additional proof that the infection is mainl}'^ 
bacterieraic and that the deaths of the animals is not due to to.xin formation. 

TABLE 3 


AclmUj of sulfadiazine against C. diphlheriae infection of mice 


T^lTAt ORAL DOSE | 

) 

VLHBER Of TREATSIENTS | 

NO UlCE 

KO SCRVIVORS 

S ks mouse 1 

0 012-0 025 

1 

1 

10 

0 

0 050 ' 

i 1 

20 

! 

0 125 

i 1 

5 


0 250 

l 1 

5 

I 5 

0 5-10 

1 1 

10 

1 8 

2 0-10 

1 4 

10 

1 


Iimnunily. Mice surviving infection by tieatment with penicillin and .sulfa- 
diazine weie found re.sistant to a re-infection nith 100 MLD of culture injected in 
mucin intia-abdonnnally after 20 days. The mice therefore developed an im- 
munity nhicli could be demonstrated a long tune after penicillin was eliminated 
from the liody. The diphtlieiia bacilh destroyed by the activity of penicillin 
apparently foimed the antigen responsible for the immunity. 

The entne gimip of thc'C expenment.s seems to indicate that the intra-abdom- 
inal infection of mice aith C. diphtheriae produced a diphtherial infection of bac- 
tericmic chaiacter a Inch could be controlled by treatment with penicillin or 
sulfonamides, o g , sulfadiazine. Tlie activity of these agents appeared to be a 
genuine chemotherapuelic effect : the sure ival of the treated animals after proper 
do'cs of penicillin or sulfadiazine was due to the disappearance of the causative 
organisms fimn the site of the infection and the circulation. 

No inionnatioii as to the actir ity of penicillin on the diphtheria toxin could be 
derived fioni ihe-e ob'crvations. It seemed appropriate to investigate this ques- 
tion in oidei to acqiiin' more complete knou ledge on the value of penicillin under 
conditions more similar to the pathology of diphtheria infection in human beings. 
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of the broth culture, or of a slant suspension of equal turbidity. Variations in the 
lethal effect of the diluted cultures were found to depend on the number of bac- 
terial cells. These could not be kept absolutely constant in all experiments. 
The virulence of slant suspensions seemed to be more constant than that of broth 
cultures. 

Most untreated control animals died irithin 48 hours. Peritoneal smears 
stained irith methylene blue shoived numerous intra- and extra-cellular bacilli 

TABLE 1 


Mouse iiruXcnee of C. diphlhcriae injected intra-ohdominally with 1 cc mucin 


DILUTIOS OF THE CULTURE* 

KtlUBER OF U2CE 

SUR\1> ORS 

10-= 

21 

Per cent 

23 8 

10-= 

181 

16.6 

10-< 

85 

30 6 

lO-'t 

52 

52 

10-' 

33 

76 


* Or of a slant suspension of same turbidity, 
t Corresponding to 140-900 cells as determined by plate-count 


TABLE 2 


Actiitty of pemctllin against C. diphtheriae infection of mice infection 
Intra-abdominal injection of broth or slant suspension diluted 10~’ in 1 ce mucin 


SINGLE DOSE PENICILLIN PER 20 C SUBCUTANEOUS 

SINGLE TREA-nCENT 
NUUBER OF 

TREATICENT REPEATER 

4 XIUES 

NUJIBER OF 

Mice 

Survnors 

Mice 

Survivo‘5 



per cent 


per cent 

Controls 10-= 


6 6 



Controls 10^' 

32 

6.2 



5-10 units 

50 


5 

so 

25 units 

45 

28.8 

5 

100 

50 units 

35 

28 5 

5 

60 

100 units 

25 

68 

5 

60 

200-250 units 

20 

80 

5 

100 

500-1000 units 

10 

100 

5 

SO 








Heart cultures on solid agar media gave groirth of the infective organism. In 
the majority of mice, there were no pathological findings, ivhich indicated that 
the infection a\ as purely bacteriemic. Only in a few cases, the adi enals appeared 
hemorrhagic, suggesting that toxemia might have developed. 

Therapeutic experiments. Penicillin ivas administered subcutaneously 10-20 
minutes before infection For repeated treatment, 3 successive injections v ere 
given at 2-hour intervals The therapeutic results are given in table 2. 

The table shows that single doses of 100 units/20 g. or more protect 
the majority of mice infected with 100 times the minimum lethal dose of diph- 
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(rf) Activity of •penicillin on the action of diphtheria toxin in vitro. T\'enty-one 
rabbits ivere injected intradermally with mixtures of penicillin and diphtheria 
toxin of various concentrations incubated at 37°C. for different intei vals. Each 
rabbit was injected on one side with a series of incubated toxin-saline dilutions 
alone, on the other with the con esponding penicillin-toxin mixiuies. It was 
found that doses as high as 5000 units/cc. penicillin had only a slight effect on 
diluted diphtheria toxin corresponding to 1-4 necrotizing doses. Higher con- 
centiations of penicillin, such as 10,000 u./cc., and after 5 horn's’ incubation, gave 



-•t BCD 

Tin 1 

\ & C Rabbit injected intradermallv aith toxin saline mixtures 1.1000, 1'OOOO.ltlOOO* 

J sooo ■ 

B Injected with the same dilutions of toxin + crjstalline penicillin solution 10,000 
u/cc 

D Injected with the same dilutions of toxin + commercial penicillin solution 10,000 
u/cc Note that the highest toxin concentration (1:1000) has not been complcteb 'f" 
hibited ( T ) in this experiment. 

complete inhibition of the toxin effect as tested on the skin of rabbit. It should 
be mentioned that crjistalline penicillin G (potency 1C60 units/mg.) gave the 
same effect as commercial samples (fig. 1). This seems to indicate that fhe toxin 
inhibition depends on the penicillin component. A t.vpical experiment made with 
commercial penicillin is reported in table 4. 

(e) Activity of penicillin on C. diphthenac infection in guinea pigs. Infection. 
Unti eated animals injected subcutaneously w ith bacterial suspensions died within 
30 to 56 houre. Xeeropsy revealed hemorrhages and necrosis at the site of in- 
jection, hemoiihages in the adrenals, pleural and sometimes pericardial exudates. 
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4. CoxCLUSiONS. In the experiments presented in the foregoing paragraphs, 
we disrupted the natural entity of the pathology of an infection irith C. diph- 
theriae. By this way, we eould study separately the effect of chemotherapy on a 
bacteriemic infection and on the natural toxemic condition. It was found that 
penicillin as well as sulfadiazine exert a striking antibacterial effect on the bac- 
teriemic infection produced in mice bj’ intra-abdominal infection irith suspension 
of C. diphtheriae in mucin; anti-serum was inactive in this infection. Penicillin, 
on the other hand, was inactive in the toxemic infection of guinea pigs which, as 
to its pathology and antitoxin sen.sitivitj’-, is more comparable to the human in- 
fection. Guinea pigs injected with lethal doses of toxin-antitoxin mixtures did 
not react at all to penicillin treatment, while the death of animals injected \rith 
bacterial suspensions could be .somewhat delayed. We consider that the latter 
effect depends on an antibacterial mechanism and not on an antitoxic action; 
penicillin delays partially the bacterial development and, consequentlj^ the toxin 
effect. 

These results suggest that under the practical conditions of diphtheria in 
human beings, the preponderance of toxemia will require antitoxic treatment irith 
anti-serum. However, there might be occasions, e.g., prophylaxis of exTOsed 
contacts, verj' earlj’- cases and carriers, where the anti-bacterial treatment ndfli 
penicillin might be helpful.’ From our e.xpcriments, it furthermore might be 
seen that in such cases, systemic treatment with penicillin will most likely be 
more active than topical administration. 

SUMM.ARY 

1. Experimental systemic and local infections of mice with C. diptheriae arc 
described. In the systemic, principally bacillary, infection, penicillin e.xerted a 
marked activitj', while it had no effect when administered topically on the local 
infection. 

2. Penicillin had no effect on diphtheria toxin in guinea pigs injected with lethal 
doses of toxin-antitoxin mixtures. 

3. High doses of penicillin delayed the death of guinea pigs infected irith cul- 
tures of C. diphtheriae. The delay of death is considered due to a decrease of 
toxin formation induced by the antibacterial effect of penicillin. 

4. Cultures of diphtheria bacilli grown in presence of penicillin do not lose their 
toxigenic properties if tested on the skin of rabbits. 

5. Only extremelj”^ high doses of penicillin (10,000 units/cc.) neutralize diph- 
theria toxin in vilro. 

6. It is concluded that penicillin will not be effective in human cases charac- 
terized by toxemia, while it might be useful in certain conditions of predominantly 
bacillarj' character, such as very earlj"^ cases or carriers. 

Acknowledgment. The authors are indebted to Dr. R. J. Schnitzer for nu- 
merous .suggestions received during the course of this investigation. 

’ In a recent pamphlet issued by the War Production Board, April 1, 1945, “The Indic.a- 
tions, Contra-Indications, Mode of Administration and Dosage for Penicillin,” diphtheria 
is mentioned under the heading “Indications in Group II,” which “will require additional 
e.vperimental work.” 
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weighings permitted one to detect this and thus avoid the error introduced by the drop in 
blood pressure which accompanies starvation. 

We have also administered orally the active marine oils, described later, to three hyper- 
tensive dogs, -with drops in blood pressure comparable to that observed in the rat. The 
blood pressure of these dogs was determined by puncture of the femoral artery with direct 
readings on a mercury manometer. It is impracticable to use the dog for systematic assays, 
but the results indicate that the observed effects are not limited to the rat. 

Marine oils. We have investigated the common commercially available 
marine oils for their blood pressure reducing activity. This varied considerably 
in oils of various sources and sometimes in different samples of oils derived from 
the same species. Active preparations have been obtained from residues of cod, 
dogfish, haice, basking shark and skate liver oils. Sardine body oil was also found 
to be slightly active as was also crude fish oil obtained by distillation, principally 
of menhaden. One sample of a fresh water fish (Burbot liver) was found to be 
entirely inactive.* 

The commercially available samples of cod liver oil were found to be entirely 
inactive as were also some samples of the concentrates obtained from this source. 
On the other hand, some samples of concentrate (containing 50,000 to 100,000 
units of vitamin A) per gram were found to be active and first prompted the pres- 
ent investigation (1). 

In table 1 are reproduced the effects of thirty -one fractions of oils derived from 
the four species of fish, designated in the first column. In the second column 
are recorded the distillation temperature at which the oils were derived when 
distilled at pressures between 6 to 11 micromillimeters.* The vitamin A content 
of the various fractions is given in the third column; their blood pressure reducing 
properties in the last three columns. Each fraction was tested without further 
treatment (column 4), following oxidation with thirty percent hydrogen peroxide 
at room temperature in slightly alkaUne solution (colunrn 5), and following sapon- 
ification with aqueous alcoholic potash, acidification and oxidation (column 6). 
Fractions which in doses of 5 grams per rat reduced the blood pressure 15 mms, 
or more, for a period of at least two days are designated in the table as active 
(A). Those in w'hich the blood pressure at this dosage level was reduced between 
10 and 15 mms. as slightly active (SA); between 5 and 10 mms. as minimally 
active (MA) Obviously, the last named must be considered as manifesting 
only questionable activity. 

It is evident from table 1 that there is no correlation between the vitamin A 
content of the various oils investigated and their effectiveness in reducing the 
blood pressure Moreover, fractional distillation, although effecting to some 
extent the separation of the active material is not a satisfactorj' procedure for 
concentrating this material which apparently is carried over at a considerable 

• Mo-it of in tlio prcwnl atuily were Bupplicti by Eli Lilly and Co Theothen, 

were furmuhed !>\ Di«tiU.ituin I’roduetB, Inc , Pnrke, Davis and Co , The Vi’mUirop Co , 
The Ahlmtt Lahor.ituries The National Oil Products Co , Indiisjri.il C)ieniic.i! Sales,' 
l.inen Industries, Procter aiui Oamlde and Ilogalusa Tung Oil, Inc 

‘ W e are mdehied to Mr A Lee Cnldwell of The Lilly Ilescarch Lahorsitoncs for Su|iply- 
ing these fractionated oils and the d.ita on their Mt.iniin content 
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In earlier reports (1, 2) it has been shown that various oxidized marine oils, 
when administered orally to hypertensive rats, reduces their blood pressure in a 
way similar to that of renal extracts (3). In \dew of the expense and techmcal 
diflBculty involved in preparing active extracts from kidney tissue, compared 
to the less laborious procedure of obtaining equally effective agents from readily 
available marine oils, the latter appeared to be a better source of the desired 
product. We have, therefore, investigated a number of marine, vegetable and 
animal oils, as sources of this material as well as methods for the preparation and 
concentration of extracts suitable for administration to animals or to human 
patients. Our results have consistently shown the effectiveness of these products 
in the experimental animal (rats and dogs) and show promise in preliminaiy 
studies on man. The present paper reports details of the source, preparation and 
methods of concentration of the effective agent. 


Methods of assay. The effectiveness of the various preparations described inter was 
determined on rats rendered hypertensive by compression of the renal parenchyma (4). 
Oral administration of the extracts by incorporating them in the animal’s food has been used 
exclusively. This avoids the effects of a non-specific depression of the blood pressure which 
may follow' the parenteral administration of various noxious agents and which are respon- 
sible for some of the effects observed following the administration of certain renal extracts 

(5, 6). 

Groups of six hypertensive rats were used in each assay. The animals had been operatcu 
upon at least three months previously. In this way the spontaneous fluctuations which 
ore observed in the months immediately following operation are avoided. After a pre- 
liminary daily training period for several weeks, the blood pressure remains essentially 
constant except for a slowly progressive rise which continues until the death of the animal 
(7). The mean blood pressures of the animals ranged from 150 to 200 mm. with an average 
pressure of the group of six used in each assay varying from 165 to 175. In this way one 
compensates for the fact that the blood pressure reducing capacity of extracts varies wdh 
the blood pressure of the animal and renders the results of separate experiments comparable. 

The blood pressures were determined at the same time of the day by the procedure previ- 
ously described (8). Experiments were discarded in which, due to distastefulness of the 
oil-mixtures, the animals refused to eat and lost a signific.ant amount of weight. Daily 


* Aided by grants from the John and Marj' Markle Foundation, The Xational Life .Assur- 
ance Co., and Mr. Alfred Starr. 

’ This work was begun at the Bowman Gray School of Medicine, Winston-Salem, L'. C. 
The clinical data presented are based on observations of patients at The Korth Carolina 
Baptist Hospital. 
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mum activit)'. It would thus appear that some of the precumor of the active 
principle is present in the oil as a stable ester, and that onlj' the compound liber- 
ated on hydrotysis is susceptible to omdation and gives rise to the active agent. 

Vegetabee oils. The presence of the active oil in several marine oils and its 
apparent production by oxidation of the esterifiable fraction suggested a search 
in other animal and vegetable fats for a source of the active agent. We have 
investigated the following oils both in their usually available form, as well as 
after oxidation and after oxidation of the hydrolyzed material; Almond (sweet), 
cottonseed, hydrogenated corn, soya bean, peanut, sesame, tall, olive, linseed 
and grape seed. Oils of animal origin (commercial red oils) weie also studied. 

Of the above-mentioned oils only tung oil showed unquestionable activity. 
The other oils investigated manifested none, or at most mirumal activity. Some 
samples of tung oil showed an activity comparable to the most potent fish oils 
which we have encountered. Since this oil is readily and cheaply available it 
may offer a source for obtaining the active material superior to that of marine 
oils. Unfortunately, the yield was not consistently good from all specimens of 
oil which were obtained at different times. Moreover, the tendency of tung 
oil to solidify and to precipitate j3-eleostearin on exposure to air and sunlight, 
renders difficult the extraction of the active principle. The use of the oil directly, 
except in very small doses, is impossible because of its unsavory taste and toxicity. 

In Figure 1 are reproduced typical assays on active preparations of tung oil. 
As seen in the uppermost cun-e of this figure, the activity was manifest in the 
unoxidized oil. It may be assumed that the active principle is either present as 
such in the fresh oil or was produced during the process of refining. Further 
oxidation of the oil, as in the case of marine oils (fig. 1), appears to increase the 
activity further but this is not striking and the increased yield, if any, does not 
compensate for the technical difficulties induced by the undesirable secondarj- 
changes occurring during oxidation. 

Although tung oil when administered in the small doses used in these experi- 
ments is not obviously toxic to rats, it is conceivable that the observed lowering 
of the blood pressure is a result of intestinal irritation, or other toxic effect of the 
oil. The improbability of this conclusion is shown by the third curve of Figure 
1 , in w hicii a comparable effect on the blood pressure was obtained by adminis- 
tenng an aqueous extract derived from tung oil by the procedure described in a 
subsequent section. 

Clinical studies Because of the normally great fluctuations in the blood 
pressure of tiie hjTiertensivc patient and the spontaneous drops which occur on 
prolonged bed rest, the evaluation of the effectiveness of therapeutic agent.s on 
the blood pres-suro is difficult and requires many months of hospitalization under 
carefully controlled and constant conditions. Wc have thus far studied only 
three patients adequately to determine the effects of administering active o.xidizod 
Oil on the blood pre.v.uie. Tno otlier patients were given an aqueous concentrate 
with results which will bo reported elsewhere. 

Ill figure 2 IS reproduced the blood pressure cun-c of a twenty-one year old 
male p.-iticnt suffering from hypeitension secondaiy to chronic glonicnilo-nephri- 
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range of temperatures. In general, however, the active material distills over at 
a temperature of 215 ° with a second active fraction appearing in the distillate 
at about 250°. 


TABLE 1 


T/ie pressure reducing aclivity of various fractions of four marine oils 


SOtJKCE or OIL 

DISTILLATIOJI 

temperatore 

VITAUlN A 
COSTENr 

EFFECT1\XNESS IK REDUaSO THE 
BLOOD PRESSURE 

Untreated 

Oxidized 

Hydro- 
lyzed and 
oxidized 


"C, 

Units per irart 




Dogfish oil 

200 

240,000 

A 

A 

A 


225 

44,000 

I 

MA 

A 


230 

4,000 

I 

SA 

A 


235 

000 

I 

I 

MA 


240 

200 

I 

I 

MA 


250 

100 

I 

I 

SA 


255 

100 

MA 

MA 

A 


Residue 

100 

I 

I 

I 

Hake liver oil 

210 

215,000 

I 

MA 

A 


215 

40,000 

MA 

MA 

A 


220 

6,750 

I 

MA 

A 


225 

2,300 

I 

SA 

JIA 


230 

500 

I 

SA 

MA 


235 

100 

I 

I 

I 


240 

100 

SA 

MA 

A 


Residue 

100 

I 

iMA 

A 

Basking shark liver oil 

100 

Trace 

I 

I 

I 


120 

Trace 

I 

SA 

SA 


130 

Trace 

I 

MA 

JIA 


150 

2,200 

I 

I 

MA 


230 

1,200 

I 

I 

I 


250 

100 

I 

I 

MA 


255 

Xoiic 

I 

I 

SA 


Residue 




I 

Skate liver oil 

165 

635 

A 

.A 

A 


215 

3.900 

SA 

JIA 

A 


230 

ISO 

I 

SA 

JIA 


242 

Xone 

I 

SA 

SA 


245 

Xonc 

r 

r 

I 


248 

Xone 

I 

I 

I 


Residue 

None 

.MA 

MA 

SA 






■ 


A comparison of the last three columns in the table also shows that o.xidation 
or hydrolysis prior to oxidation in many cases fails to impart or increase the 
activity of certain oil fractions. In some cases oxidation alone increases the 
activity. In others, prior saponification is necessaiy in order to obtain the maxi- 
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discharge of the patient from the hospital on October 1, 1944. Blood pressure 
readings were made by three different members of the nursing, interne and resi- 
dent staff of the hospital.® The six daily readings obtained in this way were 
averaged and the resulting readings are recorded in the chart. In this way the 
inevitable fluctuations are eliminated in the final value which is composed of at 
least forty-two separate readings. 



Fig. 2. Tub Blood Pressure of a Hyperteksive Patient Treated with Oxidized 

Marine Oil 

EacUnoint on the curve is the averaec ol at least !orty-two readings obtained during the 
period of observation The patient nas alternately receiving an active oil (as tested on 
liyi'crtcnsive rats) during the periods of July 7 to September 7, 1913, and February 28 to 
June 30, 1014, and an inactive oil as a placebo during the periods of September 7. 1913 to 
February 28, 1944, and July 1 to October I, 1944. 

• •sj'atoUc blood pressures. 

O Odinslolic blood pressures. 


It is evident from the ctin'c that, as in the e.xperiinental animal, the administra- 
tion of an active oil to this patient resulted in a definite decline of the blood 

pressure. It should bo noted that there is a latent period of several weeks follow 

ing tlic beginning of therapy before any decline in pressure is noted and that the 

‘ We are indeiiicd lo the members of the liousc staff of The 'Xorth Carolina Baptist Hos- 
pital, and particularly to Dr. William I. Venning, for their cooperation in folloning the 
blood prc‘«suro of ihosc paticulp. 
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tis. ^ This patient was under observation continuously in the hospital for a period 
o sixteen inonths. Because of the more complete and convincing nature of the 
resu ts obtained on this patient, the details of the experiment are confined to this 
one case. After a control period of observation from June 1 to July 7, 1943, the 



Ddys following ireaftneni: 

OP THB Hypertensive Rm 

thesamelmouTt refined tung oil. C®— — -®)- 

tion and elution of the active principle obtained by adsorp- 

reading is the averacp of the m ~ ~Ob to groups of siv animals. Each 

animals were fed the^materinl mean blood pressures. After a control period, the 

nated on the aCissras 5. investigation mixed with their food, at the rime desig- 


patient was treated with an active oxidized marine oil in doses of 15 cc eveiy 
tv o hours from July 7 to September 7, 1943. He was then given an equal dose 
of an inactive oil as a placebo during the period from September 7, 1943 to Febni- 
^ ’ at 'which time the administration of active oil "was resumed and 

con inue unti July 1, 1944, when a placebo was again administered until the 
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active principle is water soluble and dialyzable as in the case of the orally effective 
principle in renal extracts (5). 

The question arises as to whether the observed lowering of the blood pressure is 
a beneficent effect, as would be expected if this form of therapy is supplying a 
deficiency induced by injury of the kidney (9). Insofar as our observations on 
the human are concerned, there is no evidence of a detrimental effect as deter- 
mined by the subjective feelings and objective tests of renal function when the 
blood pressure is markedly reduced. In the rat, also, preliminary studies (with 
Dr. Francis Reichsman) indicate an actual increase in survival time of animals 
mmtained on active oils, compared to untreated controls. 

From a practical therapeutic standpoint it is necessary to emphasize that ex- 
cessively large amounts of material are necessary to induce a demonstrable effect 
in the human. Hence, although of great theoretical interest, we feel that the use 
of oils, as well as renal extracts, must still be considered as purely experimental. 
Until a more readily available source of large amounts of the active principle 
becomes available, it is impractical to attempt the treatment of patients except 
on an e,xperimental basis. 


SUMMARY 

A number of refined oils derived from marine fishes when administered orally 
are effective in reducing the blood pressure in experimentally induced hyperten- 
sion in laboratory animals (rats, dogs) . Comparable effects were elicited in three, 
human patients suffering from hypertension. 

Among oils of vegetable and animal origin, only tung oil was found to have an 
effect in reducing the blood pressure in hypertensive animals. 

O.xidation enhances the activity of certain oils; saponification prior to o.xidation 
in some cases further increases then effectiveness. The blood pressure reducing 
capacity of the oils is independent of their original vitamin A content, and is re- 
tained after destruction of this vitamin by oxidation. 

Fractional separation of the oil by distillation tn vacuo, freezing, or distribution 
between aqueous organic solvents, partially effects a concentration of the effective 
blood pressure reducing agent. By adsorption on a synthetic resin and desorp- 
tion with aqueous alkali, it is possible to obtain the active principle in aqueous 
solution. 
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minimum values are found several weeks after cessation of therapy. The return 
of the blood pressure to the pretreatment level while the patient was receiving 
a placebo is also delayed. In general, therefore, the response is similar to that 
obseiv-ed in the smaller experimental animal (rat, dog) except for the more 
gradual change with time, as is to be anticipated. 

Concentration of the .active principle in .an aqueous medium. Although 
the oxidized marine oils are sufficiently palatable to peimit their direct use in the 
hypertensh'e patient and experimental animal, it was desirable to concentrate 
the acth'e principle and obviate the necessity of feeding large amounts of inert 
oil. 

Distillation, as we hai'e already seen, is not uniform in its effects, nor does if 
effect the desired concentration. Steam distillation also fails to remove the 
active principle. Fractional freezing was equallj' unsatisfactory, although in 
some oils it was possible to concentrate the acth'e principle two or three fold 
by this method. The extraction of the oils, dissolved in ten volumes of petrol- 
eum (skellysolve) or ethyl ether, by eighty percent aqueous ethyl alcohol was 
laborious and, although effecting a considerable degree of concentration, was 
discarded for the following procedure: 

Trial of a number of adsorption agents (charcoal, kieselguhr, alumina, dia- 
tomaceous earth, etc.) led to the adoption of a commercially available synthetic 
resinous ion-e.xchanger (amberlite I R 100) as the most conA'enient and effective. 
When this adsorbant was agitated Avith the oil in a ratio of about one part (by 
Aveight) of the adsorbant to tAventy parts of oil, the active principle was remoA'ed 
from the oil. After filtering the oil through cloth, the adsorbant was placed in a 
continuous e.xtraction apparatus arranged as in the ordinary Soxhlet extractor 
and treated AAuth loAA'-boiling skellysolve until free of adherent oil. The adsorb- 
ant AA'as then dried in the air with the aid of a fan and stirred Avith two percent 
aqueous sodium or potassium hydroxide solution. After filtration, this process 
was repeated three or four times. The combined filtrates are found to contain 
the active material in aqueous solution, and may be further concentrated by 
evaporation and fractional solution in aqueous ethyl alcohol or other AA'atei 
soluble organic sohrents. 

Discussion. The results of the present study demonstrate the capacity of 
certain marine and vegetable oils to reduce the blood pressure of experimental 
animals and human patients Avith chronic hjqiertension. The same materials do 
not affect the pressure of normal animals. The question arises as to the relation 
of the active principle responsible for this action to that present in renal extracts. 
Insofar as the available facts are concerned, the results obtained by extracts of 
these tAVo sources are comparable and it is possible that AA'e are dealing with the 
same substance or substances of related chemical structure. The actWe principle 
present in oils is apparently a derivative obtained by oxidation of a fatty acid or 
other esterifiable substance, since saponification prior to oxidation in many' 
cases increases the yield of the active material. The fact that auto-oxidation and 
the use of relatively feeble oxidation agents results in the formation of actwe 
e.xtracts suggest that the precursor concerned is unsaturated. The resulting 
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verj' rapidly as illustrated in figure 1 . It was found that single intravenous injec- 
tions of 120 mgm./kgm. of body weight produced an average plasma concentra- 
tion of 36 ± 6 mgm./lOO oc. five minutes, following administration of the com- 
pound to dogs. Within ninety minutes thereafter the plasma concentration fell 
to 2.0 to 3.6 mgm./lOO cc. and within three hours less than 1 mgm./lOO cc. was 
present. 

Since for kidney function tests and for therapeutic use it was desirable to main- 
tain given concentrations of the agent in the blood stream, other modes of admin- 
istration were investigated. 

The rehlionship of mode of administration to the maintenance of PAH plasma 
concentration is summarized in figure 2. The modes of administration studied 
were oral (by stomach tube), subcutaneous, intramuscular and intravenous. 



Kir. 1 Illustrating the rapid fall in plasma concentration of p-aminohippuric acid fol- 
lowing the intravenous administration of a 120 mgm./kgm, dose of the compound. The 
coordinates represent the average of data on 4 dogs 

Uniformly, the dogs were given 200 mgm./kgm. of PAH by the mode of election, 
followed 15 minutes later by an intravenous injection of 120 mgm./kgm. of PAH 
in order to attain rapidly the desired plasma concentration. At hourly intenmls 
for 7 hours the initial dosage was repeated except for the constant intravenous 
injection where the initial dose was 120 mgm./kgm. and the rate of infusion was 
120 mgm./kgm./lir. over a period of 8 hours. 

It is apparent that a predetermined plasma concentration of PAH (about 30 
mgm./lOO cc. in this instance) could be maintained bj' intravenous, subcutaneous 
and intramuscular modes of injection, but that the oral administration of PAH 
wiis incftcctivc in maintaining a satisfactory plasma concentration of the drug. 
Similarly, oral administration of PAH to mice (7) was ineffective in producing or 
maintaining a high plasma concentration of PAH. 

Tlicrc were practical drawbacks to both the subcutaneous and the intramuscu- 
iar modes of ndministmtion of the agent. Tlie injection of a 20 per cent solution 
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This research was undertaken when it became apparent from the work of 
Smith and his associates (1), Bing (2), Lauson, Bradley and Coumand (3), Sel- 
kurt .(4), and Warren, Brannon and Merrill (5) that sodium p-aminohippurate 
was satisfactory for the clinical and experimental estimation of effective renal 
plasma flow and tubular excretion, and when we found that the compound was 
useful for the suppression of penicillin excretion (6). In the determination of 
renal tubular excretion, fairly high plasma concentrations of the drug aremain- 
tained for short time inten'als, and in the inhibition of penicillin excretion lower 
plasma concentrations of sodium p-aminohippurate (PAH) are maintained over a 
period of days, as in the treatment of sub-acute bacterial endocarditis, for ex- 
ample. This dual nature of the use of PAH, as a kidney function test agent and 
also as an adjuvant to penicillin therapj’' has necessitated a comprehensive study 
of the distribution, inactivation, elirdnation and toxicity of this agent. The 
pharmacolopcal studies of this compound form the subject of this report. The 
toxicity of the agent is reported in an accompanying article (7). 

Physical and chemical characteristics of p-aminohippurie acid. The compound is of s 
colorless crystalline nature, melting at 194-5°C., and is freely soluble in water as the sodium 
salt. Solutions of the sodium salt can be prepared easily by adjusting a given concentration 
of the acid to neutrality with sodium hydroxide. The molecular weight of the acid is 194.09. 
As will be noted from the name and chemical structure, the compound is a derivative of 
hippuric acid which is a metabolite formed in the body by the conjugation of benzoic acid 
with glycine. 




V 

NH. 


O O 

II II 

•C— NH— CH.— C— OH 


A 


0 o 

II II 

C— NH— CH.— C— OH 


p-aminohippuric acid hippuric acid 

The compound may' be determined readily quantitatively' in body fluids by a modification 
of the conventional Bratton and hlarshall test for sulfonamides as described by Goldring 
and Chasis (8). 


Plasma concentration of PAHfolloioing single intravenous injections. TJiis mode 
of administration yvas used initially to attain quickly a high plasma concentration 
of PAH. However, the coneentration of the compound in the blood stream fell 
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\vas irritating because of its lijiiertonicitj'. Thus the sites of injection became 
pain and swollen. One could not avoid this effect unless the solution was 
uted, whereupon the volume of material injected became a detrimental factor, 
so, the frequencj’^ of injection neeessai^’’ to maintain a uniform plasma concen- 
tration detracted f rom the merit or convenience of the procedure. Thus, of the 
intiavenous infusion of the material appeared to be the most desirable 
and h;^ proved verj' satisfactorj^ and convenient in both laboratoo’ (6 a-c) and 

c mica experience (G-d) where the infusions have been maintained for 30 to 54 
hours. 

The results obtained with the oral administration of PAH led us to study the 
a o t e compound when administered in this, and the parenteral, manner. 



n ours 

(p o ), intravenous^ffv'l^subcntftn^I'mi*^!'** P ammohippunc acid in response to oral 
tration of the conipound (s c ) and intramuscular (i m ) routes of admmis- 


extreme rapidity wdth which intravenousl.v 
injected PAH appears in the urine is illustrated by the data in Table L In this 
experiment 4 dogs were given 120 mgm./kgm. doses of the compound and the 
iinne was collected at predetermined intervals thereafter for 48 hours. From 
e a a 1 can^ e calculated that 43.3 to 69.7 per cent of the material recovered 
was excreted wathm the first hour after the injection. The total amount of PAH 
which appealed in the urine was 78.1 to 92.1 per cent (average 81.9 per cent) of 
the amount admimstered. 


observation that one couJd not maintain high plasma concentrations of 
.1 administered by stomach tube led to studies designed 

to elucidate the cause. Each of four dogs was given 200 mgra. of PAH/kgm. 
Their imne and feces were collected over a period of 48 hours and were analyzed 
for PAH. It appeare from the data in Table 2 that only a small amount of the 
compound appeared in either feces or mine and that from 54.9 to 72.5 per cent 
of the matciial was unaccounted foi 
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A very large part of the PAB that is filtered through the glomerulus is reab- 
sorbed by the renal tubules. A most interesting obsen’'ation M-ith regard to the 
PAB clearance is one first pointed out by Smith, Finkelstein and Aliminosa (1-b) 
and substantiated in part by the data in Table 3. It is their belief that the rise 
in the clearance of PAB is due to its conjugation nith glycine in a manner anala- 
gous to the formation of hippuric acid in the bodJ^ If such a conjugation oc- 
curred there rvould be superimposed on the basal PAB clearance the increasing 
tubular excretion of PAH as it was formed. They report an experiment wherein 
the clearance ratio finally exceeded 1.0 sometime after the PAB was injected. 

The mode of renal elimination of PAH has been shoAm to be both by glomerular 
filtration and by renal tubular excretion (1). Because of its high rate of excretion 
by the renal tubular epithelium the compound can be used to determine both, 
renal plasma florv and also the functional capacity of tubular excretion (Tm). 
The fact that both PAH and penicillin compete for excretion by the same tubular 
mechaiusm has made it possible to prolong the maintenance of penicillin in the 
body by the simultaneous administration of PAH, thus decreasing the rate of 
excretion of penicillin (6). 

Goldring and Chasis have presented in their recent publication (8) a clear and 
concise description of the procedures for and interpretation of the use of PAH in 
the determination of Tm (maximal tubular excretory capacity) and effective 
renal plasma flow. Actual protocols and forms for recording the results of the 
tests using PAH are to be found in Appendices D and E of their book. They 
found that the Tm of PAH in their series of normal adult patients was 76.1 
mgm./min. 

Our own experience nith the use of PAH as a renal function test suggests that 
two important points in the procedure bear reiteration. For the measurement of 
Tm in man the plasma PAH concentration should be between 60 and 80 mgm./ 
100 cc. and for the measurement of minimal renal plasma flow it should be about 
2 mgm./lOQ cc. In dogs a PAH plasma concentration of 40 to 50 mgra./lOO cc. 
is sufficient for the measurement of Tm, and for the determination of minimal 
renal plasma flon the PAH plasma concentration should be less than 2 mgm./ 
100 cc. 

Conjugation oj PAH was studied using bilaterally nephrectomized rats The operation 
was done in two stages with sufBcient tunc (over one week) intervening between the two 
nephrectomies to permit the animals to recover from the initial operation. The second 
stage was performed in the late afternoon and the rata were permitted to recover overnight 
from the procedure This routine minimized the effects of the operations and yielded ani- 
mals which usually Iti’cd about 96 hours following the last surgery. 

The mortung following the operation the animals were injected intraperitoneally with 
0.5 gm of PAH/kgm. Analyses for free and total PAH were carried out periodically there- 
after for 24 hours on blood obtained from the tail The results of these experiments arc 
graphed in figure 3 

From the graphs it may be concluded that PAH can be conjugated in the bodv 
of the rat . At the end of 24 hours about 27.4 per cent of the total amount of the 
dnig in the body of the animals exists in this form under these conditions. It 
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number of experiments were performed in which the compounds were adminis- 
tered orally, followed one hour later by a series of ten minute renal clearance 
periods. Protocols on two such experiments are included in table 3. Several 
points of interest stand out in these data. 

The plasma concentrations of the two drugs in these experiments are indicative 
in a measure of their relative absorption from the digestive tract. At the same 
dosage level the plasma concentration did not rise above 0.9 mgm./lOO cc. for 
PAH whereas the PAB plasma concentration was 39.9 mgm./lOO cc. This is not 


TABLE 3 

Protocols of two experiments wherein the renal clearance of p-aminohippuric or p-aminoien:oic 
acid was measured at alternate ten minute intervals beginning one hour after 
the oral administration of SOO mgm./kgm. of either compound to a dog 
Six hundred cubic centimeters of water was given orally one to one and one Imlf hours 
before the compounds were given. One half hour before the clearances were begun ^ 
intravenous infusion of 5 per cent glucose solution was started which continued at a ra e 
4.5 to 5 cc./min. for the duration of the experiment. 


FLASUA* 

CREATimKE 

CLCAKAKCE OF 

CLEARANCE 

riETRATIOS 

1 

1 UilKE no^ 

CONC. 

aXARAKCE 

COtTPOCND 

RATIO 


L 


p-aminohippurate (PAH) 


hr.imin. 

mgtn.flOO ee. 

c<.ftni». 

<c.lmin. 


■Mi 


1:00-1:10 

0.7 

92.1 

231.9 

2.5 



1:20-1:30 

0.7 

79.2 

226.7 

2.9 

■M 


1:40-1:50 

0.8 

77.5 

197.9 1 

2.6 1 



2:00-2:10 

0.9 

73.8 

179.4 

2.4 

0.41 i 


2:20-2:30 

O.S 

73.8 

197.1 

2.7 

0.37 


2:40-2:50 

0.8 

80.5 

193.3 

2.4 

0.42 



a./nU. 

6.60 

5.90 

4.90 

3.90 
4.25 
4.3S 


p-aminobenzoate (PAB) 


1:00-1:10 

39.9 

63.9 


0.16 


1:20-1:30 

39.9 

66.1 


0.17 


1:40-1:50 

39.2 

68.9 


0.20 


2:00-2:10 

37.9 

64.6 


0.23 


2:20-2:30 

36.3 

77.4 

17.8 

0.23 



4.15 

3.75 

3.55 

3.75 

4.65 


' The experiment was begun one hour after the compound was administered. 
- Not corrected for binding. 


a true index of their relative rates of absorption since the clearance of PAH was 
roughly 15 to 20 times that of PAB in these tests. It is also unlikely that anj 
considerable amount of PAB was formed in the intestinal tract from PAH an 
excreted, because of the high renal clearance in these experiments which is 
typical for PAH. , 

These results indicate that, at least for experimental purposes, the oral a 
ministration of PAH for the determination of renal plasma flow is quite practica 
since very low but uniform plasma concentrations are ideal for such studies. 
This mode of administration for clinical use might be feasible where onb’’ rena 
plasma flow information is desired. 
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able usefulness. It should be readily apparent that if PAH were to act like 
p-aminobenzoic acid (PAB) and certain local anesthetics ha\-ing a p-amino 
group, i.e., procaine (9), in inhibiting the action of sulfonamides on organisms, 
this property would negate such an advantage as might acrue to the combined 
use of the two forms of therapy. 

The effect of PAH and p-aminobenzoic acid on the growth of a strain of E. coli 
in bacto-peptone broth with and without the addition of sulfanilamide was de- 
termined. Figure 4 summarizes the data obtained in the course of such an 
experiment. From these results it may be concluded that: 1) except at the 
highest concentrations neither PAH nor PAB influenced the growth of E. coli 

TABLE 4 


The coticentralion of p-aminohippuric acid in whole blood and plasma of dogs five and ninety 
minutes following the intraienous administration of a ISO mgm./hgm. dose 


I>OC NO 

, MCV PVfl/lOOCC ITBOtE 
BLOOa 

ll<nt PAH/100 CC. PIASSLA 

sroos CONC. 

PLASHA CONC. 

5 minutes after injection (120 mgm./kgm.) 

lOS 

22 S 

29.2 


112 

' 2S 4 

36 S 

1 .77 

30 

30 4 

41.6 

1 .73 

D-7 

26 4 

36 0 

' .74 

111 

21 6 

30 0 

’ .72 

•Average 

1 25 9 

34 7 

.75 

00 minutes after injection 

lOS 

1 9 

2 6 

.74 

112 

' 1.7 

2.2 

1 .77 

30 

1.3 

1 9 

.65 

D-7 

1 0 

5 

.67 

111 

1 S 

2 4 

.75 

-Average 

1 5 

2 1 

.72 


as indicated by turbidity readings at the end of a comparable period of incuba- 
tion; 2) M/200 sulfanilanudc almost completely inhibited the growth of the 
organisms; 3) p-aminobenzoic acid almost completely inhibited the bacteriostatic 
effect of ailfanilamidc, and this effect was still definitely present at the highest 
dilution (M 128,000) of PAB: 4) the inclusion of four times as much PAH as 
adfanilamidc, on a molar ba>-i-. did not influence the bacteriostatic activity of 
'-ulfamlaniide. 

Since P.VH doe.- not anl.agonize the bactenostatic effect of sulfonamide^, and 
since none of the latter primaiy ammo compounds commonly umxI in clMcal 
mwheine t- owretett by tlic renal tubules, it .<ccms unlikely that p-aminohippuric 
add would either mtcilere with theactmty or mcrea-^e the toxicity of Hich com- 
IHiund- if admimsterwl to a patient also receiving penicillin. However, one 
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can be calculated from the values given for the ordinates that the total amount 
of PAH in the blood decreased during the course of the experiments, which may 
be due to any or all of a number of causes. 

EsHmalions of the degree of binding of PAH on plasma proteins of both dogs and 
humans were carried out in vitro by a dialysis procedure. We were not able to 
establish reproducible values for the binding of this compound since it was so 
poorly bound that the values obtained approached the expected error of the 
method. Smith and his associates (1-b) have recommended a correction of 0.83 
to calculate the amount of PAH free in plasma water, and this includes a correc- 
tion for binding. It is our opinion that this is quite adequate since our values for 
plasma binding have been considerably' less than 10 per cent except for an occa- 
sional sample. We have not used a correction for binding in our data. 



100 

90 

80 

70 

60 

50 

40 

30 

20 

10 



Hours 

Fio. 3. Demonstrating the average acetylation of p-aminohippuric acid by two-sta^s 
bilaterally nephrectomized rats administered 0.5 gram/kg. of the compound intrapen* 
toneally. 


The distribution of PAH in blood was studied in five dogs. The purpose was (o 
determine roughly whether the compound was distributed equally between cells 
and plasma and to give some indication of how rapidly the distribution took place. 
These data are summarized in Table 4. ^^T^ile differences in hematocrit values 
for the dogs probably accounts for the variation in the blood/plasma concentra- 
tion ratios in these data, one may conclude that some seventy -five per cent of the 
drug which is in the blood stream is in the plasma and that the equilibration takes 
place within five minutes following its injection. It is probably reasonable to 
attribute the slight differences in the ratios for the two samples from a given dog 
as being due to error in the analyses at the low plasma concentrations. 

The effect of PAH on sulfonamide activity was studied since the latter group o 
compounds is being used by some in conjunction with penicillin; this is true 
especially in subacute bacterial endocarditis, a disease for the treatment of which 
it is anticipated that the combined use of PAH and penicillin will find consider- 
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cent of the drug unaccounted for. That the compound was not hydrolyzed to 
any notable extent in the gastrointestinal tract was indicated bj' the follo\ving 
information: 1) trypsin and carbox 3 fpolypeptidases did not hydrolyze the com- 
pound in mtro. 2) If this hydrolysis had occurred in vivo the p-aminobenzoic 
acid formed thereby would have been rapidly absorbed resulting in a relativelj’' 
high plasma concentration of the aromatic amino compounds and an overall renal 
clearance lower than that of PAH at any plasma concentration. As was actually 
the case only low plasma concentrations of PAH occurred following its oral ad- 
ministration. Eenal clearance data obtained in such e.xperiments supported the 
conclusion that all the diazotizable material was probably PAH. The fact that 
the dogs did not conjugate the material precluded that as a mode of alteration of 
the molecule. 

Our experiments indicated that very little if any PAH was bound on plasma 
proteins. While equilibration of the material between the blood cellular ele- 
ments and plasma occurred quickly, approximately 75 per cent of the drug re- 
mained in the plasma. The rat was capable of conjugating PAH, but this 
occurred more slowly than was the case for sulfathiazole, sulfamethazine, sulfa- 
diazine or sulfamerazine tested similarly in this laboratorj' (10). It is likelj' that 
this information is more directly referable to the human than is the siirdlar find- 
ing in dogs. 

Our experiments substantiate the conclusions of others that sodium p-amino- 
hippurate can be used satisfactorily to measure Tm and renal plasma flow. 

PAH did not antagonize the bacteriostatic activity of sulfanilamide even 
though one of its components is p-aminobenzoic acid which characteristically has 
that property. This obsen-ation has a very material bearing on the combined 
use of sulfonamides nith penicillin and PAH in highlj' refractoiy diseases of 
bacterial origin. 

Tlio toxicological aspects of this problem are being reported in a separate 
communication (7). 

Achiowlcdgmaxl: The diversity of the methods used in such an evaluation of 
a compound has made it desirable to elicit the assistance of other members of 
the department. .4mong these Dr. A, Kathrine Miller was lesponsiblc for the 
conduct of the PAH-sulfonamide antagonism e.xperiment.s, IMr. Kenneth L. 
Sprague prepared the nephrectomized rats and Miss Eleanor Woi=s of the Depart- 
ment of Biochcmistiy performed the e.xperiments involving the enzymatic 
digestion of PAH. 
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should be reminded that both PAH and sulfonamides respond to the same colori- 
metric tests and that plasma determinations presumably for one or the other 
compound under these conditions would be misleadingly high unless this additive 
effect were appreciated. 








PAD < M/200 SA 


^eoMTtoL cnowTM 





PAH * U/200 SA 


PAH M/50 Z’OO 800 
PAB M/ 500 2,000 8,000 


3.200 
32.000 

Melerity «f PAH end PAB 




<2.800 

128.000 


Mcisriif ei t'AM eno pab 

p-aminohippurate (PAH) and p-aminobenzoate (PAB) on tlje 
gro« th of E. coll in a bacto-peptone broth and on the bacteriostatic action of sulfanilaniide 
(bA). The figure illustrates that neither PAH nor PAB influenced the extent of groirln 
except at t^ higher molarities. M/200 SA almost completely inhibited gron-th of the 
T> /'Itr bacteriostatic effect of S.A was not inhibited to any notable extent b.v 
000 PAB^ whereas approximately 60 percent inhibition occurred in the presence of M/12S,- 


StJMMARY 

The findings recorded in this report may be summarized briefly: 

Following single intravenous injections of sodium p-aminohippurate its plasma 
concentration fell very rapidly (from about 36 to 2 mgm./lOO cc. in 90 minutes). 
This was due principally to distribution and excretion of the compound. Since 
FAH was excreted by the renal tubules in addition to glomerular filtration, 43.3 
to 69.7 per cent of the amount administered intravenously appeared in the urine 
within the first hour thereafter. 

In order to maintain a uniform plasma concentration over a long period of time 
the preferable mode of administration was by venoclysis, although both the sub- 
cutaneous and intramuscular routes were used for this purpose. The oral route 
of administration neither gave nor maintained adequate plasma concentrations 
of the compound, except for the determination of renal plasma flow. 

A dmini stered orally, 20.9 to 41.0 per cent of a dose of PAH was excreted in the 
urine and only 4.1 to 13.4 per cent appeared in the feces, leaving 54.9 to 72.5 per 
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A previous series of papers (1-A) reported that when sodium p-amino hippurate 
was administered intravenously together with penicillin the former compound 
competed with the antibiotic agent for a common renal tubular transport 
mechanism, B5' this means a high penicillin plasma concentration could be 
maintained for prolonged periods of time. Since it was anticipated that com- 
bined therapy of this nature might be useful in the prolonged treatment of such 
a condition as subacute bacterial endocarditis comprehensive pathologic exami- 
nations accompanying the previously reported experiments and more extensive 
toxicologic evaluations seemed of paramount importance. 

In an accompanjdng article (5) we have discussed the absorption, distribu- 
tion, plasma binding, conjugation, and renal elimination of the sodium salt 
of p-aminohippuric acid (PAH). The toxicological studies of this compound 
are presented as a separate communication in order that the description of the 
overall research shall not become burdensome. 

The purpose of this report, then, is to present the results of our investigations 
of the acute and subacute toxicity of p-aminohippuric acid for several species 
of animal. The procedure used, and the pathology resulting from the constant 
intravenous administration of PAH for periods of 48 to 54 hours were complicated 
by barbiturate hypnosis, the infusion of excessive amounts of fluid and the pres- 
ence of penicillin. However, these experiments have been controlled, as far 
as possible, by similar ones in which one or two of these factors were eliminated 
and the others duplicated, thus enabling us to evaluate better the toxicity of 
the compound per se 

Methods axd uesvlts Acute toxicity experiment: Mice: Although it had 
been found that oral dosc.s administered hourly to dogs resulted in veiy low 
plasma concentrations, nc attempted to secure toxic manifestations in mice by 
administering large doses 01 ally Five white mice (Carworth CFi) were given 
2 0 gm./kgm. of a 20 per cent solution of sodium p-aminohippurate orally eveiy 
hour for four hours. Pooled blood samples from the mice sacrificed 10 mins, 
following the last dose were found to have a plasma concentration of 
9.8 mgm./lOO cc. A similar group of mice was given an initial dose of 0.2 
gm./kgm. of PAH (20 per cent solution) intraperitoueally, followed immediately 
by an oral dose of 2.0 gm.A'gm., which was repeated even' hour thereafter for 
three hours. The pooled blood sample taken from tlicse animals 10 mins. 

1!7 
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A previous seiies of papers (1-4) reported that when sodium p-amino hippurate 
was administered intravenously together with penicillin the former compound 
competed with the antibiotic agent for a common renal tubular transport 
mechanism. By this means a high penicillin plasma concentration could be 
maintained for prolonged periods of time. Since it was anticipated that com- 
bined therapy of this nature naight be useful in the prolonged treatment of such 
a condition as subacute bacterial endocarditis comprehensive pathologic e.vami- 
nations accompanjdng the previousljr reported experiments and more extensive 
to.xicologic evaluations seemed of paramount importance. 

In an accompanjing article (5) we have discussed the absorption, distribu- 
tion, plasma binding, conjugation, and renal elimination of the sodium salt 
of p-aminohippuiic acid (PAH). The toxicological studies of this compound 
are presented as a separate communication in order that the description of the 
overall research shall not become burdensome. 

The purpose of this report, then, is to present the results of our investigations 
of the acute and subacute toxierty of p-amrnohippuric acid for several species 
of aidraal. The procedure used, and the pathology resulting from the constant 
intravenous administration of F.A.H for penods of 48 to 54 hours were complicated 
by barbiturate hypnosis, the infusion of e.xcessive amounts of fluid and the pres- 
ence of penicillin. However, these experiments have been controlled, as far 
as possible, by similar ones in which one or two of these factors were eliminated 
and the others duplicated, thus enabling us to evaluate better the toxicity of 
the compound per sc 

Metiiod.s .VXD itEsvLTS AciiJc loxmty expcnnienls: Mice: Although it had 
been found that oral doses administered hourly to dogs resulted in verj' low 
plasma concentrations, we attempted to secure toxic manifestations in mice by 
administering large doses orally. Five white mice (Carworth CFx) were given 
2.0 gm./kgm. of a 20 per cent solution of sodium p-aminohippurate orally every 
hour for four hours. Pooled blood samples from the mice sacrificed 10 mins, 
following the last dose were found to have a plasma concentration of 
O.S mgm./lOO cc. A similar group of mice was given an initial dose of 0.2 
gm./kgm. of PAH (20 per cent solution) intrapcritoneally, followed immediately 
by an oral dose of 2.0 gm./kgm., which was repeated everj- hour thereafter for 
three hours. Die pooled blood .sample taken from thc^c animals 10 mins. 
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follomng the last dose had a PAH plasma concentration of 6.8 mgm./lOO cc. 
None of these animals demonstrated any toxic manifestations during the test. 

Ten white mice (Car worth CFi) were given PAH in an oral dose of 10 gm./kgm. 
administered as a 20 per cent aqueous solution (pH 6.8). No toxic manifesta- 
tions, other than the temporaiy discomfort from such a large dose, were seen 
at any time. 

In order to secure data for acutely toxic doses of this compound, 120 white 
mice (Carworth CFj) weighing between 15 and 20 gm. were injected intrave- 
nously vith various doses of a 20 per cent solution of PAH. The maximal dose 
was 0.75 cc. of the 20 per cent solution per 20 gm. of mouse. The rate of injec- 
tion remained constant at 1 cc. per minute. The data presented in Table 1 
were treated by Epstein’s method (6) and the LDjo dh 2 standard errors was 
calculated to be 4.93 ± 0.8 gm. per kgm. All deaths were immediate, being 
preceded by clonic spasms and respiratoiy paralysis. Some of the animals given 
the higher sublethal doses showed spastic paralysis of the hind quarters and 
gasping respiration from which they recovered. 

Twenty mice were given 5.0 gm. per kgm. of 20 per cent PAH intravenously, 
the approximate LDbo. Fifteen minutes following the injections the average 
concentration of PAH (whole blood) in the surviving 10 mice was 642 mgm./lOO 
cc. with a range from 428 mgm./lOO cc. to 832 mgm./lOO cc. One hour following 
the injection of a similar dose to 25 mice the 10 surviving mice had an average 
PAH concentration of 203 mgra./lOO cc. of whole blood, with a minimum of 88 
and a maximum of 480 mgm./lOO cc. 

In order to compare PAH with a structurally' related, normal body metabolite, 
hippuric acid was administered intravenously -to white mice ns a 20 per cent 
aqueous solution of the sodium salt (pH 7.4). The data presented in Table 1 
indicate that sodium para-aminohippurate is no more toxic than sodium hippu- 
rate when injected intravenously into white mice. The LDso of the latter 
compound, calculated by' Epstein’s method, was found to be 4.15 ± 0.6S 
gm./kgm. 

Since PAH is conjugated to some extent (5) the sodium salt of p-acetyiamino- 
hippuric acid monohy'drate w'as injected intravenously' into white mice (CFi) 
following the same procedures as w'ere used with the parent compound. The 
LDso (table 1) was calculated to be 5.25 ± 0.52 gm./kgm. (Epstein). These 
data indicate that the para acetyl-amino derivative was no more toxic than the 
parent compound under similar circumstances. 

Rabbits: PAH has been administered intravenously to seven apparently 
normal rabbits in an effort to secure toxic manifestations. Two preliminary' 
experiments demonstrated that these animals would tolerate large intravenous 
doses. One animal was given 3.0 gm./kgm. of a 20 per cent solution of PAH 
into the marginal vein of the ear at a rate of 1 cc. per minute. This animal 
demonstrated no toxic symptoms and survived the experiment. A second 
rabbit similarly was given 4.0 gm./kgm. of the same solution and survived 
without toxic manifestations, even though a plasma concentration of 648 
mgm./lOO cc. was demonstrated 30 minutes following the injection. 
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Sinc6 infusion into the marginal vein of the ear did not permit long continuedinjections, 
the left femoral vein was chosen for the remaining evperiments. The vein was exposed 
under local anesthesia and cannulated with a #8 woven silk catheter attached to a 21 gauge 
needle. By this method constant intravenous infusions could be instituted without danger 
of dislod^ng the catheter if the animal struggled or convulsions occurred. Concentrations 
of PAH in the blood of these animals wore determined at certain intervals, and tn five experi- 
ments all urine was collected during the infusion period. 

TABLE 1 


Mortality following the inlraoenous administration of solutions of the sodium salts of para- 
aminohippuric acid, p-acetylaminohippuric acid and hippuric acid to white mice 


PAlA-AMlKOttlPPCSIC ACIO 

PAJU-ACETVIA«tMOHTPPUaiC ACm 

Hirptnuc ACID 

Dose 

No. of 
animals 

No of 
deaths 

Dose 

No. of 
antmals 

No of 
deaths 

Dose 

No. of 
animals 

No. of 
deaths 

tw /JcgPt. 



gn Ikgm 



gm /kgm 



3.25 

10 

0 

4.00 

10 

0 

3.50 

10 

0 

3.50 

10 

1 

4.50 

10 

2 

3.75 

10 

5 

3.75 

10 

1 

5.00 

10 

3 

4.00 

10 

4 

4.00 

10 

2 

5.50 

10 

6 

4.25 

10 

6 

4.25 

10 

0 

6.00 

10 

9 

4.50 

10 

8 

4.50 

10 


6.50 

10 


4.75 

10 

9 

4.75 

10 





5.00 

10 

7 

5.00 

10 





5.25 

10 

10 

5.25 

10 

6 




5.50 

10 

10 

5.50 

10 

4 







5.7S 

10 

9 







0.00 

10 

10 



■ 





TABLE 2 


Concentration of para-aminohippuric aetd (tn mgm./lOO cc.) in the blood of rabbits following 
the constant intravenous infusion of sodium para-aminohippurate (10 per cent) 


ANIVAI. 

KO. 

ttCicnT 

»Aix or 
tKTn$XO'4 

»0«At 

DOSS 

BLOOD COSCEKiaATIOH, HOCaS ATTXa 
ADlOKlSTaATlON 

sxuAxrs 

^■1 



i 

4 

‘ t 

2 

4 

6 




. t. 

kgm /hr 

3.2 

2.2 

tm. 

26.4 

28.8 


j 130 

1 

330 

264 

sso 

360 

328 
516 ’ 

died overnight 
died overnight 


2.4 

2.5 

36.0 

■Eh| 

190 

248 

308 

468 

1088 

died at 6 hours 

04 

2.4 

2.5 

33.0 

174 


280 

330 

368 

216 

died overnight 

05 

2.0 

3.0 

36.0 

156 

j 226 

272 

336 

428 

872 

died at 6i hours 


By maintaining rates of infusion between 2.2 and 3.0 gm./kgm. per hour we 
were able to secure verj- high blood concentrations (table 2). Two of the 
animals died during the G hour c.\pcriments, one ( # 03) at C hours and one ( ^ 05) 
at 65 hours after vcnoclysis was begun. Both animals were autopsied at once. 
Tlic most prominent features were the marked engorgement of the visceral 
blood vc.s«cls and edema. Tito histological findings in both animals were similar 
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and consisted of toxic nephrosis, vascular congestion and lydropic degeneration 
of the liver, generalized edema, and agonal thrombosis. The remaining animals 
showed no signs of toxicity during the course of the experiments. Allanimals 
were pro.strate when taken from the table, but though they had recovered their 
normal reflexes three or four hours later, each animal died during the night. 
Autolytic changes were such as to preclude examination of the tissues histolog- 
ically, but the impression gained from gross examinations indicated that a 
similar picture of widespread vascular congestion and edema would have been 
found. 

It is interesting to note that the two animals who died during the course of 
the e.xperiments had the highest blood concentrations of PAH (table 2). How- 
ever, it is difficult to correlate blood concentrations attained with toxicity of the 
compound •per sc, since one rabbit whose blood had a concentration of 
648 mgm./lOO cc. survived whereas another with a maximum concentration of 
368 mgm./lOO cc. died overnight. 


TABLE 3 

The urinary excretion of p-aminohippuric acid for rabhits folloiring the conslant intrarenovs 
infusion of sodium p~aminohippurale {10 per cent) 


AmUAt 

\\ EIGHT 

TOT\L DOSE 

TOTAL DOSF 

1 

j .^MOUST EXCRETED 

PERCENTAGE OF DOSE 
EXCRETED 

riKST4 HOURS 

6 HOURS 

During 

Brst 

4 hours 

During 

6 hours 

During 

first 

4 hours 

Duriog 

6 hours 


kiln. 

gm. 

gm. 

gm. 

gm. 

^er cffit 

fer cent 

01 

1.5 

19.2 

26.4 

4.75 

7.11 

25 

27 

02 

2.2 

19.2 

28.8 

12.74 

19.37 

66 

67 

03 

2.4 

24.0 

36.0 

11.31 

16.64 

47 

46 

04 

2.4 

21.6* 

26.4 

14.04 

18.35 

65 

70 

05 

2.0 

21.6* 

36.0 

16.68 

21.19 

77 

59 


* Dose given during first 4J liours. 


Urine samples from these animals were collected by catheterization during 
the period of infusion and the amounts of PAH excreted during these experiments 
were determined (table 3). Examination of the data demonstrates the ra- 
pidity with which the compound was excreted. An average of 66 per cent of the 
amount administered during the first four hours was excreted during the same 
time interval. An average of 54 per cent of the total dose given w'as excreted 
during the first six hours. 

Short term infusion experiments in dogs: In an attempt to provoke toxic man- 
ifestations and eventual death we resorted to constant intravenous admin- 
istration of large amounts of PAH to four normal dogs for periods ranging 
from 2.5 to 8 hours. One additional animal was anesthetized and the renal 
vessels were ligated bilaterally before injecting PAH. 

The animal was placed on its back in a cradle, lightly restrained, catheterized and the 
urine allowed to drain. One femoral vein was exposed under local anesthesia and was can- 
nulated b}' means of a woven silk catheter attached to a 21 gauge needle. The needle was 
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connected to either an electric constant rate infusion apparatus or to a Murphy 
drip apparatus containing the infusion fluid. The rate of infusion varied from 250 nagm./ 
kgm,/hr. to 3.3 gin /kgm./hr., depending on the purpose of the e.vperiment. The concentra- 
tion of TAH was varied also from 2.5 pep cent to 40 per cent, the usual concentration em- 
ployed being 20 per cent. Blood samples nere drawn periodically for PAH determinations 
and hematological studies. 

The most striking manifestation of toxicity seen during the infusion of PAH 
to dogs was the occurrence of contnilsions. These usually did not occur until 
plasma concentrations approximating 600 mgm./lOO cc. were attained. Dog 
#555 attained a plasma concentration of 611 mgm./lOO cc. 5^ hours after 
beginning the injection and did not demonstrate any toxic signs, whereas a 
second dog (#BW) began convulsing at If hours, just after a plasma con- 
centration of 639 mgm./lOO cc. had been reached. Another animal (B) on the 
first day after receiving a total dose of 7.4 gm. of PAH/kgm. during 5 hours 
(table 4) attained a maximal plasma concentration of 404 mgm./lOO cc. \vithout 
commlsions. On the following day a maximal plasma concentration of 591 
mgm./lOO cc. was reached two hours after venoclysis was started; convulsions, 
however, did not occur until one and one-half hours later (3^ hours after be- 
ginning venoclysis) when the plasma level had decreased to 450 mgm./lOO cc. 
The fourth nonnal dog (H) received a total dose of 130.98 gm. of PAH during a 
period of 7 hours, equivalent to 9.85 gm./kgm. No signs of toxicity other than 
hematuria at 6 hours were noted, even though the plasma concentrations of PAH 
reached a level of 491 mgm./lOO cc. These findings strongly suggest that the 
rate at which the tremendously high plasma concentrations of PAH were reached 
was as important as the blood level attained in initiating toxic reactions. It 
would seem, then, that in these and in the acute toxicity experiments on mice 
and rabbits the rapid injection of veiy h}T)®rtonic solutions contributed in large 
mea-surc to the death of the animals. Three hours following cessation of the 
drip the dog was removed from the table and in a few minutes had recovered 
sufficiently to walk back to its cage. 

The hematologic studies of two dogs (H and BW) indicated an increase in 
the total leucocyte counts and of another (B) a decrease during the first day’s 
e.xpcriment. In tlie former the differential counts revealed an increase in 
polymorphonuclear neutrophiles and no changes in the other forms, and for 
dog B the differential counts remained the same. Two of the dogs showed an 
increase in erythrocytes, dog H 4 per cent and dog BW 21 per cent. These 
findings, combined with the increased hematocrits indicate the presence of 
hemoconcentration. 

Pathohgic Studica Two animals (BW and B) were autopsied immediately 
folloaing their death. Histopathological examinations disclosed essentially 
finiilar findings in the two dogs.' The significant changes ob.scn'ed were 
generalized edema and va=cular congestion, with focal necrosis of the liver, 

' At the r. qiicat oi the Bditor the dclailca dcscnptions of the gross and microscopic 
rtiidic.s on tlic'.e nmmals and those on the long term infusion cvperimcnta have been deleted 
from tlie paper Indiv tduaP dedring tlie-e obscrvalmns m.ay .••eeurc a copy bv addressing 
Uioir intiinrio.*? to 0ns I^ibor.itor\ ' " ® 
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TABLE 4 

The plasma concentralions and toxic manifestations resulting from the constant intraicnous 
infusion of sodium p-aminohippurate into dogs 



DOG 555 1 

1 DOGS 

First test 

[ Second test* 

Period m hours 
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1 
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; 4 

5 1 

Si 
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2 1 
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1 6 
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! 2 
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! 5 
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6i 
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2 

3 
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4 
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* 14 days elapsed bett^een first test and second test 

1 15 bouTS elapsed between completion of first test and beginning of second test 


parenchymatous degeneration of the renal tubular epithelium, and occasional 
subendocardial hemorrhages 

Long term infusion experiments. The experiments described have all been 
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short term procedures devised to produce very high plasma concentrations of 
PAH in an attempt to secure toxic manifestations. Since in the therapeutic 
use of this compound much lower plasma concentrations may be maintained 
for considerably longer periods of time, particular attention was devoted to 
those dogs w'ho received the drug alone, the drug together ivith penicillin, or 
who received penicillin alone for e.xtended periods of time.'' The experiments 
in which these dogs were used have been described in a previous paper (4), 
which may be referred to for PAH and penicillin plasma concentrations and 
renal clearance data. 

In the interest of brevity the detailed gross and microscopic findings following 
autopsy of these animals will not be given here." Pertinent details of the 
procedures followed, the doses given, the volume of fluid administered, the 
plasma concentrations attained and the weight changes will be given for each 
arumal. 

Dog Hits. Female. Anesthetized with 30 mgm./kgm. of sodium pentobarbitalintra- 
venously and maintained with subcutaneous or intravenous doses of the same drug as 
needed during the 48 hour period. The trachea was intubated and the tube left in position 
fortheentire period. An indwelling catheter was placed in the bladder under aseptic condi- 
tions, tied in place by a suprapubic approach to the urethra and attached to the apparatus 
for collecting urine under sterile conditions (3). One jugular and one femoral vein were 
exposed, the former being used for venoclysis, the latter for the collection of blood samples. 
An initial dose of 120 mgm./kgm. of PAH and SOOO units of penicillin was administered. A 
constant intravenous infusion of approximately 3 cc./min. of 1.5 per cent P.AH in glucose- 
saline solution (0.45 per cent NaCl + 2.5 per cent glucose) was maintained for 48 hours. 
To this solution was added sufficient penicillin to gix'C a rate of administration of 15 units/ 
rain, for the 48 hours. The total x-olume of fluid administered during 48 hours was 8.64 
liters. The plasma concentrations of PAH throughout the experiment averaged 31.7 mgm./ 
100 cc. The weight of the dog increased from 14 0 kgm. at the start of the experiment to 
15.8 kgm. at its completion. 

Dog X Si. Female. (Control to "VI 13). This animal was prepared in the same manner 
as jvnS and treated similarly, e.xcept that no PAH or penicillin was given. A constant 
intrax'cnous infusion of glucose-saline solution (0.45 per cent XaCl -P 2,5 per cent glucose) 
was given at a rale of 3 cc /min. for 48 hours. The total volume of fluid gix-en was 8.6 liters 
during 48 hours. The dog weighed 22 kgm. at the beginning of the e.xperiment and obviously 
gained weight during the test, but since her weight exceeded the maximal scale reading 
of 22.5 kgm. we were unable to record the total weight gain. 

Dog >iS9. Female. This animal was anesthetized and prepared in a manner similar to 
.»113, Following the initial dose of PAH (120 mgm./kgm.) and penicillin (2500 units) in- 
iusion was instituted at a rate of approximatciy 3 0 cc./min. of a 1.5 per cent PAH solution 
in glucose-saline solution (0 45 per cent NaCl + 25 per cent glucose). After 700 cc. had 
been given, the amount of P.\H was increased, so that the Same quantity of P.A.H would be 
given in 2 cc./min of a glucose saline solution (0 225 per cent XaCl + 3.75 per cent glucose). 
.\t a second site, 51' /cc of peniciiiin in saline and glucose v-as infused at a rate of 3 cc./min. 
•Htcr 24 hours the infusion fluid was changed to the original concentration of glucose-saline 
solution The toial amount of fluid given was 4 73 liters The plasma concentration of 
PAII averaged 30 7 mgm /lOO cc. Xo weight was secured on this animal. 

Dog stli rnnali' (Control to dog *39) This dog was anesthetized in the same 
manner os dog *39 .and was treated similarly except that no P.VH or penicillin were given 
at any time This dog weighed 13 2 kgm at the iieginning of the experiment and 17.0 kgm. 
•at its completion, Ik hours later 


t ?cc footnote 1 
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Dog HISS. Female. This animal was prepared as previously described except that the 
brachial veins of both fore-limbs were used for infusion, one for penicillin and one for PAH. 
Penicillin was infused at a rate of approximately 15 units/min. during the 48 hours folloiring 
a priming dose of 5000 units. PAH was infused in a saline-glucose solution (3.75 per cent 
glucose -1-0.125 per cent NaCl) in order to secure ascending plasma concentrations. During 
the first 18 hours no PAH was given. Folloning a priming dose of 120 mgm./kgm. a 2.25 
per cent PAH solution was infused at a rate of 2 cc./min. from the 18th to the 21st hour. 
At the 21st hour, following a priming dose, a 2.0 per cent PAH solution was given at 2.0 
cc./min. until the 2Gth hour. A priming dose of 150 mgm./kgm. of PAH was given at 26:10 
hours, followed by an infusion rate of 2 cc. of 5 per cent PAH per min. This was continued 
until 36:10 hours at which time an additional 75 mgm./kgm. dose of PAH was administered 
and the infusion was changed to 2 cc./min. of 7.5 per cent PAH in 2 per cent glucose. This 
new infusion rate was maintained for 8 hours (44:10 hr.) at which time the administration of 
PAH was halted. The average plasma concentrations attained were as follows ; 24.4 mgm./ 
100 cc. from 18 to 21 hours, 37.3 mgm./lOO cc. from 21 to 26 hours, 71.3 mgm./lOO cc. from 
26 to 36 hours, 104.4 mg./lOO cc. from 36 to 44 hours. The plasma concentration had de- 
creased to 18.3 mgm./lOO cc. at the 48th hour when the experiment was terminated. This 
animal’s weight increased from 15.6 kgm., initially, to 17.2 kgm. at the completion of the 
experiment. Approximately 5.1 liters of fluid were infused during the 48 hours. 

Dog ^S6, Female. The preparation of the animal was similar to that described for 
#63. Following a priming dose of 2500 units of penicillin, penicillin was infused at a rate 
of 1 cc./min. (15 units/min.) with 4 per cent glucose and 0.2 per cent NaCl. At 22 hours, 
a priming dose of 150 mgm./kgm. of PAH was given and an infusion of 2 cc./min. of 3.0 
per cent PAH in 3 per cent glucose was instituted. This continued for 10 hours at which 
time a priming dose of 200 mgm./kgm. of PAH was given and the concentration of the in- 
fusion fluid was increased to 2 cc./min. of a 7.5 per cent PAH solution in 2 per cent glucose. 
Ten hours later the PAH administration was stopped and penicillin alone was continued 
for 12 hours. The total volume of fluid injected was 5640 cc. The weight of the animal 
increased from 12.9 kgm. to 15.5 kgm. during 54 hours. 

Dog aiOS. Female. The preparation was similar to that described for preceding dog?. 

A priming dose of 1000 units of penicillin was given, followed bj’ penicillin infusion at a 
rate of 15 units/min. for 16 hours, 30 units/min. for 10 hours and 60 units/min. for 10 hours, 
all concentrations in a saline-glucose solution being given at 1 cc./min. A salt-glucose in- 
fusion fluid, containing 0.45 per cent NaCl and 2.5 per cent glucose, was given at a rate of 
approximately 2 cc./min. throughout the experiment in order to maintain the urine flon' 
from 1 to 3 cc./min. The total volume of fluid given during 36 hours was approximate!} 
6.3 liters. The weight of 13.8 kgm. at the beginning of the experiment had increased to 19-- 
kgm. at the completion of the infusion. 

Dog Uin , Female. This animal duplicated the experiment described for dog #102, 
with the exception of the concentration of the glucose-saline infusion fluid, which was 
changed to 0.225 per cent NaCl and 3.75 per cent glucose. The volume of fluid administered 
was approximately 5.9 liters. No weight was recorded for this animal at the completion of 
the experiment. 

Dog ^86. Female. A similar preparation was used for this dog as had been used with 
the preceding dogs. The penicillin was administered in an infusion fluid containing 0.225 
per cent NaCl and 3.75 per cent glucose. For the intravenous drip solution a solution con- 
taining 0.1125 per cent NaCl and 4.375 per cent glucose was given at approximately 2 cc./ 
min. During 36 hours this dog’s weight increased 600 gm.. from 13.6 kgm. to 14.2 kgm. 

Comment. -An e.xamination of the gross and microscopic findings demon- 
strated that there were no lesions present in those animals given P.AH plus 
penicillin, attributable to the administration of these drugs, which were not also 
present in those animals given saline-glucose or penicillin alone. Excepting 
those lesions due to intercurrent infections or parasitic infestations, which might 
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be expected to occur in any random selection of dogs, the folloiving findings 
were common to most of the animals used in these subacute experiments. 

Gross findings: There was marked subcutaneous edema. Pleural, pericardial 
and peritoneal fluids were increased in amount. The lungs, liver and kidneys 
usually showed moderate to marked congestion. 

Microscopic findings: Kidney: Congestion was a constant finding, Paren- 
clijTnatous degeneration of vai^dng degrees of severity was obseiwed, but was 
not associated with any particular treatment. Edema was an inconstant find- 
ing. Bladder; Edema and patchy mucosal ulceration associated with sub- 
mucosal hemorrhage was obsen'ed irrespective of the drug used. Liver; Passive 
conge.stion and focal necrosis were always present in those animals treated 
with PAH plus penicillin and their controls receiving saline-glucose only; whereas 
only one of the three dogs given penicillin alone showed similar lesions. These 
changes seemed to be related to the volume and type of infusion fluid adminis- 
tered and to the rate of infusion rather than to any specific hepatotoxic action 
of PAH. Lungs: The most significant and common finding was vascular 
congestion. The myocardium, lymph nodes, spleen and skeletal muscle all 
displayed edema. 

Generalized edema of varjdng degrees was a common finding in all dogs. 
'Oiis could be attributed to the constant intravenous infusion of laige quantities 
of fluid. It was deemed necc.ssary to resort to this measure in order to minimize 
the effects of variation in rate on the amount of material administered and the 
plasma concentration of penicillin and PAH. Even when the penicillin was 
administered by the constant rate infusion apparatus we felt it advisable to 
continue the drip infusion of PAH at 2 cc./min. so that control of plasma con- 
centrations of PAH could be maintained 
The acute suppurative tracheitis, which was a constant finding, was due to 
the tracheal intubation which was carried out to assure an unobstructed air 
way and adequate aeration. 

The frequent cy.stitis and ulceration of the bladder mucosa was traumatic 
in origin, due to the manual compresrion of the bladder against the indwelling 
catheter at the time of urine collection. 

SV MM \RY 

No toxic mamfc'.tation'! were observed in white mice given oral doses of 
2.0 gm./kgm of 20 per cent P.\1I c\cry hour for four houi>. Similarly, in- 
traiicrifoncal ailmini'-t ration of 0 2 gm kgm. of sodium p-aminohippurate 
(I’AH) (20 per cent), followed by oral do.ses of 2.0 gm./kgm. hourly for four 
iioiiri', did not gue ri'-e to signs of toxicity. 

'Hie LDsn of P.\H administered intraxenously to white mice was determined 
to he 4 02 ± 0 S gin kgm. p-.Xcetylaminohippuric acid and hippuric acid, a 
Mnicturalh related body nietabolitc, had LlWs, determined in a similar man- 
lier, of 2.'> i U .') gm kgm and I l."» ±07 gm 'kgm., rcspcctivclv. 

The admini-tiatmn of PAH t„ r.ibliite by constant intravenous infusion at 
rates from 2 2 gm kgm hr. to 3 2 gm kgm lir for periods of six hours resulted 
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in average 6 hour blood concentrations of 604 mgm./lOO cc. of whole blood. The 
toxic manifestations and early deaths were not preeminently a function of blood 
concentrations, but were a function of the tonicity and the rate of infusion of the 
solution. 

Dogs given constant intravenous infusions of PAH at rates designed to cause 
verj'- rapid increases in plasma concentrations usually gave rise to toxic signs when 
such concentrations approximated 600 mgm./lOO cc. The rapidity with which 
such high plasma concentrations were attained was deemed to be of greater im- 
portance than the plasma concentration per sc in causing toxic manifestations. 
Histopathological examination of tissues talcen from dogs that died followng 
prolonged elevated plasma concentrations showed widespread passive congestion 
and edema, focal necrosis in the liver and toxic nephrosis. 

Histopathological examinations of tissues from dogs given PAH and penicillin, 
or penicillin alone and from control animals given only the diluent (4) demon- 
strated no lesions that could be ascribed to the toxic action of PAH alone or to 
PAH in combination mth penicillin. 

REFERENCES 

1. Beyer, Karo H., Roland Woodward, Lawrence Peters, W. F. Verwey, and Paci 

A. RIattis; Science, 100: 107, 1944. 

2. Beyer, Karl II., Lawrence Peters, Roland Woodward and W. F. Verwey: This 

Journal, 82 : 310, 1944. 

3. Bby’er, Karl H., Harrison Flippin, W. F. Verwey and Roland Woodward: J. A. M. 

A.: 126: 1007, 1914. 

4. Beyer, Karl H., W. F. Verwey, Roland Woodward, Lawrence Peters and PacI' 

A. Mattis; Am. J. M. Sc.: 209 : 608, 1945. 

5. Beyer, Karl H., Paul A. Mattis, Elizabeth A. Patch and Horace F. Russo: This 

Journal. 

6. Ep.stein, Benjamin and C. West CHuncHiiiAN; Ann. Math. Stnt., 16: 90, 1944. 



THE EFFECTS OF ANESTHESIA ON GLUCOSE 
TOLERANCE IN MAN* 

MARVIN STERN, M.D.,® E. M. RAPPER, ERNEST BUEDING, M.D., and 

E. A. ROVENSTINE, M.D. 

From the Department of Anesthesia and the Medical Service of the Psychiatric Division, 
Bellevue Hospital, New York, N. P. 

Received for publication March 20, 1945 

The stimulating effect of ether on glycogenolyas in muscle and liver is well 
established. Other anesthetic agents, pentothal, cyclopropane and procaine 
are considered to have little effect on carbohydrate metabolism since a significant 
variation in the fasting blood sugar was not noted during or after their admin- 
istration (1-2). 

An investigation of carbohydrate metabolism during acute alcoholism in man 
revealed a markedly reduced blood sugar tolerance. To determine whether 
this phenomenon resulted from the specific action of alcohol or was due to 
anesthesia, the blood sugar tolerance in the same individuals was determined 
during other circumstances. Each subject was studied in the resting state 
without anesthesia and during surgical anesthesia with an intravenous barbi- 
tumte (pentothal), during inhalation anesthesia (cyclopropane) and during 
spinal aneathe.sia (procaine). 

Methods. Four volunteer normal adult males, who had been admitted in 
an acute alcoholic episode serv’ed as subjects. All had completely recovered, 
were clear mentally and had no evidence of nutritional deficiencj'^ or other 
physical illness. Each subject received all of the anesthetic agents used but 
not in any particular order. The order of testing was carefully altered in each 
series and between evcrj’ test there was an interval of at least seven days. No 
preanesthetic medication was given at any- time. 

Cyclopropane was administered by the closed carbon dioxide absorption 
technique, an endotracheal airway was used and anesthesia maintained in the 
second plane of surgical anesthesia. Pentothal Sodium was given intravenously' 
in 5 per cent .solution in amounts required to prevent muscular activity’. These 
patients received oxygen from an orophary’ngeal catheter and were provided 
with a phary'ngeal aim ay. Spinal anesthesia was induced and maintained with 
procaine at a sensory level approximating the fourth thoracic dermatome. In 
each instance the subject was maintained with the same degree or extent of 
anc.sthc'-ia throughout the period of the experiment. 

Kach te.sl wa,s started with the subject post-prandial and at ba.sal conditions. 
At a pi-c-dctermined time after surgical ane-thesia wa,s reached (45 to GO minut&s) 
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dll' Jiilin iitid ^^ftr\ R Martin ruundiitioii 

r in III me miltlnr>- serviee, Medienl Corps, \ I’ S 
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1.5 gms. of glucose (50% solution) per kilo body weight was injected intrave- 
nously. Blood sugar and blood pyruvate determinations were completed at 
regular intervals. The analytical methods were those used previously (3). 

Results. The plotted curve of blood glucose and blood pyruvates as deter- 
mined are shown in figures 1 and 2. It will be noted that during Pentothal 
Sodium and spinal anesthesia there was no change in blood sugar but a tempo- 
rary rise was present when cyclopropane was used. The blood sugar tolerance 
was decreased without exception with all three anesthetic agents studied. The 
impairment was most pronounced with cyclopropane. 

A slight increase in blood pyruvic acid took place during cyclopropane an- 
esthesia. The rise in blood pyruvate following glucose injection was essentially 
the same in the control experiment and during anesthesia with cyclopropane, 
pentothal and procaine. 


CONCLUSIONS 

Blood sugar tolerance was decreased during cyclopropane, pentothal sodium 
and procaine (spinal) anesthesia in each test in four humans. In contra.st to 
ane.sthosia with pentothal and procaine, cyclopropane produces a slight elevation 
in blood .sugar. This together with a rise in blood pyruvate might indicate 
that this ane.sthetic has an effect analogous to ether in stimulating glycogenolj'sis 
in liver and muscle. It should be noted particularly that cortical or brain stem 
depression alone cannot account for the decreased blood sugar tolerance since 
it was observed with spinal anesthesia at a high level. The same phenomenon 
wa.s observed with alcohol anesthesia indicating that a general depression of 
carbohydrate motaboli.sm takes place during anesthesia. 
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In 1944 Andrewes, King, van den Ende and Walker (1) described the action of 
two new drugs V147 (p-sulphonamidobenzamidine hydrochloride) and V168 
p-sulphonamidobenzamidoxime hydrochloride) which prevented the develop- 
ment of pulmonary lesions in mice, after intranusal inoculation with rickettsiaeof 
murine or epidemic typhus. A closely related compound V187 (p-methylsul- 
phonylbenzamidine hydrochloride) was also shown by Evans, Fuller and Walker 
(2) to possess therapeutic activity against Cl. welchii, oedematiens and septicum 
in experimental animals. 
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This paper describes the pharmacological action of these three compounds. 

Toxicity. The LD50 for V187 in mice on intraperitoneal injection was found 
to be 1.2 g./kg. Of 30 mice receiving 1.5 g-Ag- 28 died: of 30 receiving 1.0 g./kS- 
9 died. This figure agrees well with that recorded by Evans, Fuller and Walker 
(2) for V187. These authors and Andrewes and his collaborators (1) have shown 
that the toxicity of the benzamidine V147 and the benzamidoxime V186 for mice 
is of the same order of magnitude. 

The symptoms of poisoning by the two benzamidines, V147 and V187, were 
vero similar. Within a few minutes of receiving a lethal dose intraperitoneally 
mice became distre.ssed and the respiratory rate increased, though it decreased 
terminally: cyanosis and convulsions followed and the majority of such mice died 
within ten minutes. These symptoms are attributed to a profound fall of blood 
pressure, accompanied by respiratory failure and anoxial convulsions. In con- 
trast the benzamidoxime V18G did not produce such dramatic results. The mice 
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became ill and hunched-up, the respiratoiy rate increased, but death was often 
delayed for several hours. This difference between the lethal symptoms of the 
benzamidines and the benzamidoximes is quite striking, and may be related to the 
difference between their vascular actions. 

Unanaesthetized rabbits were also subjected to large single doses of Vl87 and 
V147 intravenously. There was little obvious disturbance until doses of 50 
mg./kg. were reached, when the animals panted for a few minutes. With a 
dose of 200 mg./kg. (given intravenously in an 8% solution over 30 seconds) 
there was considerable distress for the next 10-15 minutes. Respiration be- 
came rapid and shallow, there was a rise in pulse rate, shivering and cleaning 
movements of the fore-paws over the nose. Though the rabbits looked dejected 
for the next two hours, all survived. 

Heart. None of the three drugs has a direct action on the heart. Thus 5-10 
mg. Yl87 or Y147 injected into the fluid passing through the coronary vessels of 
the cat heart perfused with Ringer-Locke (Langendorff preparation) did not affect 
the force or rate of the contractions, nor was the coronary outflow altered. In 
one such preparation 1''187 was perfused in a concentration of 1 in 2,500 for 15 
minutes without any change in the strength of the heart beat. Similarly' 30 mg. 
Y187 or Y147 applied to the isolated auricle of a rabbit suspended in a 50 ml. bath 
(to give a final concentration of 1 in 1,700) had no effect. 40 mg. V147 injected 
into the isolated dog heart-lung preparation had no action on the left auricular 
pressure. 

V18G, however, is strongly acid in solution, and although it caused no cardiac 
irregularity in the intact animal, it did depress the Langendorff cat heart or iso- 
lated rabbit auricle owing to this acid reaction, .since these preparations are 
suspended in Ringer-Locke. When the solution of Yl86 was buffered with So- 
dium Acetate, the depression previously observed in the.se isolated organs was no 
longer seen. 

Circulation. Circulatory effects were observed in rabbits and cats; spinal or 
decerebrate preparations were used, or the animals were anaesthetized with 
chloralose, pentobarbitone or urethane. The tw o benzamidines, Yl87 and ■\T47 
behaved similarly and had a two-fold action; small doses caused a small rise of 
•blood pressure, larger doses caused a profound fall (figs. I and 2). Thus 2.5 
-5 0 mg./kg, caused a rise of up to 15 mm. Hg.; 50 mg./kg, caused a fatal fall of 
pic-s-sure in spinal cats if repeated two or three times. Since both the rise and fall 
of blood pre.ssurc were seen equally well in the spinal animal, it is probable that 
they arc both due to a direct peripheral action on the vc.s.sols. This view is sup- 
ported by other observations: for instance in a cat anaesthetized with chloralose 
the intra-arterial injection of IT87 (by a catheter pas.scd down the left carotid 
artery to the aorta) caused a fall of blood pressure in half the dose required to 
produce the .‘-ame effect by intravcnou.s injection (fig. 2 ) This l•c^ult is explained 
by the dilution of the material injected intravenously during its passage through 
the heart and lungs before it rcache.s the penpherai vc.s-seK. A direct action on 
vessels was also .seen m tlic isolated hindlimb of the dog, perfused with defibri- 
nated blood from a Dalc-Sehustcr pump: in this prejiaration 20-40 mg. YIS7. 
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Fig. 1 . Cat Anaesthetized with Sodium Pentobarbitone 
Stimulation of respiration (above) and fall of blood pressure (below) on intravenous 
injection of 10 mg V 187 . 


injected into the arterial cannula, caused a fall of arterial pressure accompanied 
by an increased outflow (fig. 3). In a similar preparation as little as 4 mg. t'147 
caused vasodilatation, particularlj' during an infusion of adrenaline, while still 
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Tio 2 Cat Anaesthetized WITH Chlob\lose 
Injection of 4 mg V187 from a catheter passed don n the carotid arterj to the aorta (A) 
causes a fall of blood pressure An equal dose injected bj the jugular \ ein (B) has no such 
action, and it requires double the dose (C) to produce a similar fall bj this route 
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smaller doses caused a very small vasoconstriction. The action of these drugs on 
the circulation is therefore principally due to a direct effect on the peripheral 
vessels. 

In contrast to the two benzamidines, the benzamidoxime Y18G has far less 
effect on the circulation. From 5-50 mg./kg. ^T8G may cause no change in blood 
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Itecorcl of spleen volume above, ami of blood pressure iielow. 100 me. 4*147 iujeeted in- 
t ravenously causes a dilatation of the .spleen aeeoinpanied liv a fall of blood jiressure-lOO 
me- ' 186 has virtually no aetion. 

prc.ssure (fig. 4) or :i small rise. In other experiments from 15-90 mg./kg. has 
caused a transient fall of blood pre.ssni'e (fig. 7). The 4 ’asodilator action of \'1SG 
has been .seen in tlie perfused dog’.s hindlimb, but i.s le.s.s striking than that of 
V147. 

Spleen. The depre.ssor action of large riose.s of 4*147 and 4*187 i.s accompanied 
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by dilatation of the ■spleen (fig. 4). In contrast ^ 186 in similar doses has no such 
action. This obsei vation is in agreement n ith the effect of the three dmgs on the 
blood prfc.'-uie. The t\\ o benzamidines cause relaxation of the smooth muscle in 
the w alK of the arterioles and m the spleen, while the corresponding benzami- 
doxime is much less active. 

OthtT cu'culalory effects. Since calcium is knou n to affect certain of the phar- 
macological actions of guanidine, and since Wien (3) has shown that calcium 
reduces the fall of blood pressure caused by the intravenous injection of aromatic 
diamidine= in the cat, it uas of interest to see whether the same was true of ^ 147 
and VIST. In a spinal cat (2.9 kg.) an injection of 100 mg. calcium chloride re- 
duced bill did not abolish the fall of blood pressure caused bj' ICO mg. Vl47 and 
50 mg. VIST. 
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Fig 5 Spinai. Cct 

Adrt'n.iImcinilosesofZOtiK was injected every 2-3 minutes In.t SOmg Vl47substaii- 
imUy reduces the pressor action of adrenaline Belli een and B there iias an interval of 
hi \ minutes, hptiieenli and C fifteen minutes In C, SO mg VlS6 docs not modify the action 
of ndreticline 


Wien 3) al«o showed that the four aromatic diamidines which he investigated, 
and partnularly stilbanndine, greatly reduced the pre.«sor action of adrenaline. 
YU7 and Y187 have the same action in laige doses (o.g. 40 mg./kg.). Much 
smalloi tlo-c- ha\ c occasionally led to a slight increase m the pressor action of 
lula-naimc in the spinal cat ( )n the other hand YISG does not reduce the pressot 
elTecth <i! .uiicnalme (fig 5) It is tempting to correlate the considerable depres- 
sor aei un ul the two benzamuhncs (YH7 and Yl87) and their ability to relax the 
spleen null this puipeitv of antagonizing the preshor action of adrenaline, while 
the l)enz.miido\inie \ iSfi which is notably less active m these respects show.s no 
such anl.igomsni 

('apilh, >i Pi mu nhiltty Tiie vev-eN of the frog’s and rat's hindlimb- were per- 
fuMsi iMih Rtngei -Lm-ke sointio)! containing 0 2.5^ gelatine In the method de- 
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scnbed by Hj^an and Chambers (4). A single injection of 5 mg. VI87 into the 
the raterf inci- a concentration of 1 : 2 , 000 , did not alter 

ILSrZr R "‘^P*“'''^'Pe'meability or lead to oedema formation, 

rates t by a modification of Gaddum’s appa- 

n rTbSs ZZrrI • f Pentobarbitone or decerebrate, and 
Xn^lnl nf cause an increase the 

ofVl87ins f ^ ^Pustnates a tjTjical response to the injection 

D rLZ Is s anaesthesia. Usually this stimulation of res- 

efefin fZ nf fZ Z decerebrate cats, hmv- 

mm : A ^ blood P^o-'^^o'-e of 10 

cat was therefn e^ ^'^P'’o|onged Stimulation of respiration. A decerebrate 
sSus anS hZ -ore Hgated belo«- the carotid 

InjeciiL of 2l-4rmg7kg "ZZvm -fle.ves. 

in thp dpntfi n • • 1 ^ caused a considerable increase 

lltltionZ 1 ^"‘0 and in this instance very little 

ZselZThtlZ ZZ-"- Q“*'"«P‘»rtb-omthevascularrefle.x-estherefore. 
a7d vS? lead " s T centre. Large doses of V147 

depression is also , ,fPJ^®!®*on of respiration after the initial stimulation and this 
since it has been ® I'® ® direct action on the medulla oblongata, 

Zdlt reSovieSto Z'^^ 'mZ" preparations in which the blood preLre 
piration when inieetefl ””^0 e\el. Vl 86 did not cause depression of the res- 
slowly infused into rZ ^ *** reg./kg., but wlieii the drug was 

stimulation wa <5 cn f ?r " ^r Sodium Pentobarbitone anaesthesia, the initial 
Se Zo Lnaamrd^^^^ a depre^^io^. The difference between V 1 S 6 

There is no doubt thitTn^ h ®r®^°re only one of degree; AGSG was less active, 
drugs is the caZ 7 h ""^Plration caused by large doses of these 

S cl ar bv evne I r intravenously: this much is 

thev 'iffprt tho troe * • G hile there is no unequivocal ei'idence that 

Se 74'XSw £, ”r“ "'rWng aS'XX X »S »d 

V187 causes vnmittn • "Pable 1 shows that whereas 

V147 in a dose of ca.,1ZSSn7/kZyi86 d 

the lethal dose S'/i'g-- * 186 does not cause vomiting at all up to 

tesdnrtZ'st™®' ,"'T respiration, it seemed worth wliile 

intraneritone ?I received a dose of Sodium Pentobarbitone 

i-' 'If Z ^be sim-ivoi^ narcotized for 

"i . * ^ niinistration of ^"IS 6 (chosen because it had less 

depressant action on the blood pre&sure) in a dose up to lialf the LD50 caused a 
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considerable stimulation of respiration compared with the control group, but did 
not shorten the duration of narcosis or reduce the fatality rate. 

Inleslinal movement. The action of these drugs on intestinal movement was 
studied both in vivo and on the isolated duodenum of the rabbit, suspended in 
oxygenated Ringer-Locke at 37°C. In the latter preparation both V147 and 
\T87 caused a diminution in intestinal movements in a concentration of 1 in 
50,000 or more. V147 was somewhat more powerful than V1S7 (fig. G). V18G 


TABLE 1 


1 

DOSE injected MGS 1 

VUMBE* or PIGEONS IN WHICH \OMITlSG OCCURRED 

VH7 

Vlg6 

Vlg7 

15 

0/2 

0/2 

3/10 

30 ! 

3/10 

1 0/4 

G.’IO 

60 ' 

9/10 

i 0/2 


120 


i 0/2 


240 


I 0/1 (died later) 




Fm. 6. Kol.wkd Barbit Di ode.scm Scspendli) in Oxvce.nated RiNCEB-LochE at SS'C. 
t'apnrily of bath 50 cr ViSO is five times less active than V147 or VIST 

wa.s 5-10 times lc.s.s active than the two benz:imidine.s, and in a concentration of 
1:5,000 caused a transient inhibition of intestinal movements followed by a rise 
of tone, even when the solution wa.s btifTered. 

By means of a balloon intTwliiced into the duodenum, the change.'^ of intestinal 
pressMire were studied in sitinal cats, or in cats under cbloralosc or .‘•odium pento- 
barbitone anae.stbe.sia. Small tlo-ses of \TS7, insufficient to cau'e a change of 
blood pre.s.sure, had a variable action, while small tioses of V147 alway.s caused an 
inhibition of peristalsi.s. Large do-cs of both \T47 and ^TS7 can.-ed an initial 
••-timulation of peristalsis with a rise of tone which outlasted the blood pressurc 
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changes (fig. 7) and this was often followed by a prolonged inhibition. V18G 
had no action in comparable doses. These I’esults are taken to indicate that the 
direct action of ^ 147 and V1S7 on the intestines in vivo is depressant, as it is on 
the isolated duodenum of the rabbit; with larger doses this depression may be 
masked owing to the vascular changes. The action of these dnigs on the intes- 
tines is, however, so mild that they are verj’ unlikely to cause undesirable sjanp- 
toms when used on man. 

Effect^ of slow mfxision. V147 and V187 injected intravenously in single doses 
of 5 mg./kg. or more caused a considerable fall of blood pressure and stimulation 
of respiration. It n-as therefore important to discover the threshold rate of ab- 
sorption at which these effects might be expected to occur after, for instance, oral 
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Fig. 7. Spinal Cat (2.0 Kc.) 


.\bove: record of pressure changes from a balloon in the duodenum. I 
* n ^ stimulates intestinal peristalsis and causes a rise of tone in 


sure 
is inactive. 


Belo'v : blood 
large doses; ^ 


administration or local application to a wound. For this purpose the drugs wcie 
infused .-louly into cats under barbiturate anaesthesia for periods of 15 minutes 
at a time. The results are summarized in table 2. I’nder these conditions I'’l47 
uas less toxic than I’^187, and ^'^186 was relatively innocuous. 

By means of this method of slow infusion the lethal dose was estimated in cats 
anaesthetized with sodium pentobarbitone (25 mg./kg.). The drugs were in- 
fused intravenously at a uniform rate of 20 mg. per minute until the blood pres- 
sure fell to zero after respiratoiy failure. In five cats treated in this waj- the 
lethal do-e for IT47 wa.s 0.31 ± 0.11 gm./kg. and for \’187 was 0.2S ± 0.07 
gm./kg. ; in three eats the corresponding figure for \"1S0 was 2.30 ± 0.7S gm./kg. 
Thus the benzamidoxine I 180 was eight times less toxic than the corresponding 
benzamidine. It should, however, bo observed that this method only provides a 
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measuie of the acute toxicity of the drug which is being studied; the duration of 
the experiment is very short, and does not allow time for the development of toxic 
effects on, for instance, the iiver or kidneys if in addition the drug causes respira- 
tory 01 circulatoty failure. 

These i exults are encouraging in one respect, for they show that a verj' rapid 
rate of ab-orption of these drugs must be attained before any undesirable symp- 
toins develop. It was foreseen that V187 in particular might be applied locally 
to wound', and one further experimeat on this drug was carried out. A 3 kg, cat 
was anaft'thetized with sodium pentobarbitone and 45 minutes later, following a 
clean skin incision, a series of deep cmciate lacerations was made into the quad- 
riceps miHcles of both sides. No attempt was made to check haemorrhage other 
than pafking the wounds with a total of 600 mg. powdered V187, and immediate 
suture of the skin edges. The disturbance caused by this operation subsided 
within a few minutes; there was no change in the blood pressure, respiration or 
duodenal movements (as measured by an intestinal balloon) during the next two 
houi-s. This dose of V187 would correspond to 12 gm. in a 60 kg, man. 

Kidw.ji. Two types of acute experiment %sere undertaken on Y187 only. In 
the first a 2 kg. rabbit was anaesthetized with urethane and the flow of urine 

T.VBLK 2 
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Kail of !.'(iO(l pressure 

5-G 

1 None up to 20 ! 

3 5-4 0 

Stimu!.'d!(.n of respiration 

' 5-0 

1 S-I5 

3 5-10 

Dcprissitn of rcspir.ntion 

12-15 

1 None up to 20 

1 5 -to 


recorde<] from a cannula tied into the bladder A diuresis was produced by a 
saline iniu-ion and by injection of theophylline sodium acetate. Vl87 in doses 
of 10-30 mg. intravenously had no effect on the diuresis, except for the transient 
cessation ot scciction due to the fall of blood pressure. 

In another experiment two groups each of 4 rats, were given 10 cc. of water/200 
g. by 'tiimach tube and 0 012 unit posterior pituitarj' extract/200 g. subcutane- 
ously, One group in addition was given 20 mg. V187/200 g. intraperitoneally. 
A Week latei the experiment was repeated, reversing the control and experimental 
group'. VlS7 (lid not modify the anfidiurctic action of the posterior pituitarj- 
honiione. 

In tlw'f acute experiments, therefore, theic is no evidence that V187 has anj* 
immediate effect on kidne.v function 

Bho I Smiai The blood 'Ugar was estimated by Somogj’i's (0) modification of 
the l!ag(il(iin and .lensen (7) method Eleven rabbits .staived overnight, were 
given VIST by the ear vein on a number of occasions tVith the lower doses of 
< .o-l,j.O 111 -; kg. there w as an occasional small nsc of blood sugar from the resting 
level <if 2t)-40 mg With higher doses of 0.05-0 2 g /kg there was either no 
(hang'' .] iniig the ensuing 24 hoiiis.. or a small fall. It was concluded that V1S7 
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had no material effect on the blood sugar in the doses used, which approach the 
lethal dose (1.2 g./kg. for mice) and certainly cause a profound vascular distur- 
bance. 

Salivary Secretion. The secretion of saliva was recorded b3'^ the outflow from 
a cannula inserted into the salivarj' duct of a cat anaesthetized m'th chloralose. 
A stead}’' flow of saliva was produced b}’’ a slow infusion of pilocarpine 0.005 per 
cent with adrenaline 1 : 100,000. In two such preparations VJ87 in do.ses up to 
20 mg. intravenouslj’ had no effect on the secretion of saliva unless there was a 
profound fall of blood pressure, when the flow was redticed, but rapidlj' returned 
to normal as the blood pressure rose again. 

Reflex activity of the spinal cord. A fle.\or refle.v was elicited in the spinal cat bj' 
stimulation of the posterior tibial nerve, while the contractions of tibialis anterior 
were recorded. Injection of up to 20 mg. V187 intravenous!}' had no effect on the 
tension produced in the muscle when the afferent nerve received condenser dis- 
charges at the rate of one every 10 seconds. V187 under these conditions does 
not interfere with a simple spinal refle.v, the transmission of the impulse from 
nerve to muscle, nor u'ith muscular contraction. 

Effects of chronic administration. Rats. A series of rats received the three 
drugs mixed with their diet over a period of 12-14 days. Two doses were used, 
0.07 and 0.20 g./kg./day. On the lower dose the rats continued to gain weight 
as well as the control group: the results obtained with the higher dose are sum- 
marized in table 3. 

These figures show that both V147 and V187 significantly reduce the growth 
rate of young rats in this dose. Yet the total amount of solid food consumed 
during this period did not differ between the control and e.xperimental groups. 
The taste of the drug had not therefore interfered with the appetite of the rats. 
At the end of the e.xperiment the rats were killed and their thyroids dissected out 
and weighed; there was no significant difference in the thyroid weights of the con- 
trol and experimental groups and consequently these drugs do not cause thyroid 
hypertrophy under conditions in which thiourea may be expected to cause a 
significant increase in thyroid weight. 

In a second type of experiment the blood urea was estimated from samples 
obtained by heart puncture, and the white cell count and haemoglobin (Lovibond 
comparator method) recorded before and after feeding 0.2 g./kg./day V187 for 14 
days. In a group of 8 rats there was no change of blood urea, white count or 
haemoglobin either compared with previous readings or with a control group of 
rats fed on the diet alone. 

Rabbits. A more stringent test of the chronic oral toxicity of V1S7 was under- 
taken on rabbits. Two rabbits were fed a dose of 0.07 g./kg./day, receiving this 
dissolved in 30 c.c. of water as a single dose by stomach tube every morning, for 
14 days. There was no change in weight, in blood urea, white count or haemo- 
globin (using both the Lovibond comparator and Haldane haemoglobinometer). 

Four other rabbits received a higher dose of 0.2 g./kg./day for 14 days by the 
same route. They continued to gain weight, and there was no material change 
in haemoglobin, white count or blood urea. Their urea clearance wa« unim- 
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paired, and there was neither albumen nor casts in the urine. Liver function 
before and after the experiment (for 2 months afterwards in the case of 2 rabbits) 
ua-s assessed by the sucrose tolerance and hippuric acid tests (after administra- 
tion of 4 g. sucrose and 0.0 g. sodium benzoate respectively by stomach tube). 
The blood laevulose was estimated by the diphenylamine method. As judged by 
these tests there was no impairment of hepatic function; the resting blood sugar 
wa.s unaltered, the van den Bergh negative and there was no rise in plasma 
bilirubin. Since the question of intestinal irritation arose after such large oral 
doses of V187, the faeces of two of the animals were submitted to the benzidine 
test; no occult blood was detected. 

In rabbits, therefore, V187 is well tolerated in large doses by mouth, and there 
is no evidence of kidney or liver damage as judged by these tests. 

The Properties of Benzamidines and Benzamidoximes. The acute experiments 
described in the earlier part of this paper show that V186, which is a benzami- 
doxime, is much less active pharmacologicallj’’ than the corresponding benzami- 
dine V147. On the smooth muscle of the walls of arterioles, of the spleen and of 
the intestine this difference is particularly striking; it is also seen in the centres 
of the medulla oblongata, and in the growth rate of young rats. Wien (3) 
showed that four aromatic diamidines had a depressor action on the circulation 

TABLE 3 


Increase in weight in groups of 6 rats receiving 0 2 g. /kg. /day for 12 days 


COTTBOL 

V147 j 

V1S6 

1 V187 

25 5% ±3 0 

It 7% ±7 9 

20 4% ±6 4 

11 1% ±4.4 


even moie powerful than ^047 and V187 and also due to peripheral vasodilata- 
tion: this has been confirmed for stilbamidine, propamidine and pentamidine in 
tliD cat, and for pentamidine in the dog. The results obtained with VISG 
suggested that the .substitution of amidoxime for amidine groups in these aro- 
matic diamidines might reduce their depressor activity, and this was of greater 
interest because clinical experience of intravenous administration of these drugs 
m the lieatnient of Ici'-hmaniasis and tri-panosomiasis in man had shown that the 
fall of blood pressure was .sometimes followed by syncope and temporarj' col- 
lapse. Poi instance Lourie (8) records .severe and immediate reactions after 
injection of more than 1-2.2 mg. /kg. stilbamidine. Fig. 8 shows the comparative 
freedom of .Stilbamidoxime (stilbene 4:4'-diamidoxime) from the depressant 
action of Stilbamidine on the cardio-vascular .system, and from its stimulant ac- 
tion on the respiration This suggests that .substances containing the benza- 
"iidoxinic gioup merit more attention so far a.s their therapeutic pos.sibilities are 
•oiiceined than tlicy have yet received (Lamb and White, 9). 

Di.'-ciissioii . In 192(i .Mies (10) found that alkyl derivatives of guanidine 
i.uised a viiiall fall of blood pre.s,sure m the rabbit under urethane anaesthesia, 
follow ed by a prolonged n-e. This rise of blood pressure was of considerable 
mtcrfs,t at the time, as it was erroneously suppo-ed to be connected with essential 
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hypertension in man. In 1917 Sinalnicoff and Bovshik (11) had concluded that- 
the pressor effect of asjTn. dimethylgnanidine was due to perpheral vasoconstric- 
tion, since it occurred after destruction of the spinal cord and section of the vagi; 
Goldblatt and Karsner (12) have confirmed this conclusion bj’ plethysmographic 
experiments on dogs. The evidepce that other alkyl guanidine derivatives cause 
a rise of blood pressure by a peripheral rather than a central action is not so good, 
but I have observed that methylguanidine will cause vasoconstriction in the dog’s 
hindlimb perfused with defibrinated blood. Lewis and Koessler (13) found that 





'Xi' 



Fig. 8. Cat (2.2 Kg ) .\xAE-iTHETizbD with Sodium Pi;ntob\rbitom. 


. ' lie., WITH OUDIUM rUXTOL 

iiate at'’tSes“a'faU of^hl'"' i Injection of 8 mR. stilbamiiline isetWo- 

iu a dose ori"6mV\'?B,1n"J°32‘‘nrR'’Sri StilbamidoMmo 


guanidine, methyl- and dimethyl-guanidine caused contraction of isolatetl arterial 
Strips, but the concentrations used iverc very high (1:100) compared uilh 
adrenaline (1:500,000). 

Alles (10) also shoved that two arylguanidines in smaller doses than the alkyl 
derivatnes caused only a fall of blood pi-essure. While symmetrical liiphcnyl- 
guanidine caused an irregular record suggesting cardiac depression, triphcnyl- 
p.ianidine caused no irregularity- but a .simple fall of pressure. Kuruda (H) 
imestigated five other aromatic guanidine derivatives, all of which louercd the 
rabbit s blood pressure, an effect attributed to peripheral vasodilatation. Large 
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doses of these compounds depressed the rabbit’s heart; in the perfused rabbit’s ear 
(which does not show vasodilatation particularly well), while dilute solutions 
caused vasodilatation, concentrated solutions caused vasoconstriction. Junk- 
mann (15) showed that decamethylene diguanidine (synthalin) also caused a fall 
of blood pressure in the rabbit under urethane anaesthesia; this was due to 
peripheral vasodilatation and not to an action on the heart. But in the per- 
fused rabbit ear a low concentration caused vasodilatation, higher concentrations 
vasoconstriction ; and in similar high concentrations S3mthalin caused toxic effects 
on the frog heart. These observations are very similar to Kuroda’s. The intro- 
duction of an aromatic group therefore appears to increase the action of guanidine 
upon the cardio-vascular system; and the presence of two guanidine groups in the 
same molecule separated by an alkyl chain (as in synthalin) has the same effect. 
The pressor action of guanidine itself in the intact animal is reversed : this is due 
to peripheral vasodilatation, in some instances associated Avith a toxic effect on 
the heart. This generalization is, of course, dependent on the composition of the 
rest of the molecule, for the introduction of a carboxyl group as in arginine Avill 
completely abolish the circulatory effect (Thompson 16, de Silva 17). 

Benzamidine derivatives also cause a fall of blood pressure, and the available 
evidence shows that this is due primarily to peripheral vasodilatation. Goodwin 
and Marshall (18) studied a large series of benzamidimes and aromatic deriva- 
tives of acetamidine, which were found to cause a fall of blood pressure in a dose 
comparable to that in which V147 and Vl87 have a depressor action. The aro- 
matic diamidines arenbout 20 times as active as the monobenzamidines, molecule 
for molecule, in causing vasodilatation; it is interesting to compare this increased 
toxicity with that of synthalin. 

Smirk and his colleagues (19, 20) have shown that a large number of iso-thio- 
ureas having the general formula R.S.C... (when R is an alkyl group) cause 

\nh. 

a rise of blood pressure due to peripheral vasoconstriction in e.xperimental ani- 
mals. S-methyl iso-thiourea sulphate had such a powerful pressor action that it 

has even been advocated for clinical use. If — CT is the active group in 

^NH; 

guanidines and amidines, the thioureas might be expected to conform to the 
principles enunciated above. Pastier and Smirk (18) state that whereas S- 
methyl, S-ethyl and S-iso-propyl iso-thiourea cause large rises of blood pressure 
m cats and dogs, with the S-n-butyl and S-tert.-amyl derivatives more variable 
results were obtained. While temporary rises were sometimes given by initial 
doses of S-n-butyl iso-thiourea, later doses produced only falls of blood pressure. 
This suggests that lengthening the chain beyond 3 or 4 carbon atoms maj' reverse 
the pressor action. The effect of introducing a benzene ring on the vascular 
action of thioureas is not recorded, substances of this typo are more toxic but not 
Very soluble (Hanziik and Irvine, 21; Richter and Clis'by, 22). 

The action of guanidines, amidines and thioureas on the respiration is compli- 
cated by their vascular effects, and not all workers have differentiated between 
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the reflex stimulation following a fall of blood pressure, and a direct action upon 
the medulla. However guanidine in doses which had a pressor action was shown 
by Alles (10) to stimulate respiration, followed by depression. This is very like 
the action of the monobenzamidines V147 and V187 : Fastier and Smirk (20) 
observed a similar stimulation accompanied bj' a rise of blood pressure with 
various thioureas. 

Guanidine derivatives in general have a toxic action on the liver. This has 
been abundantly proved for guanidine itself and for decamethylane diguanidine. 
The investigations of Bischoff and Long (23) and of Broom (24) show that many 
other guanidines, monoamidines, alkjdene diamidines and benzamidmes cause 
liver and kidney damage in animals. These changes were seen after single injec- 
tions of the drug only as the LD50 w'as approached. The aromatic diamidines 
have also been shown to cause liver damage both in therapeutic doses (Dauhney 
and Hudson, 25, Fulton and Yorke, 26) where clinical work suggests that there 
may be a deceptive delay before the onset of toxic symptoms, and in experimental 
animals (Wien, Freeman and Scotcher, 27, Allen, Burgess and Cameron, 28). 
The experiments of Wien and his colleagues, like those of Broom showed that the 
blood sugar was affected only as the lethal dose was approached. The action of 
these drugs on the blood sugar does not necessarily depend on liver damage alone, 
as Bodo and Marks (29) showed for synthalin. Both hyperglycaemia and hypoj 
glycaemia may be produced according to the dose and chemical structure. VIST 
in doses of 0.2 g./kg. had no appreciable effect on the blood sugar in rabbits, and 
did not cause liver or kidney damage in rats or rabbits after a fortnight’s oral 
administration. This dose is considerably less than the LD50 (1.2 g./kg- for 
mice), for these experiments were designed to indicate the safety range of thn 
di-ug for use in human beings. But in view of the fonnidable evidence of liver 
damage caused by closely related compounds, still larger amounts of V147 or 
T187 may be expected to have a similar effect. 

Various thiourea derivatives are known to cause th.y’roid hyperplasia on pro- 
longed administration (MacKenzie and Macivenzie 30, A.stwood 31). Both 
authors found that guanidine salts were inactive in this respect, so that it is not 
surprising to find that the two benzamidines V147 and V187 are also inactive. 
Conversely (though of more theoretical than practical importance), it would be 
interesting to know more of the action of thiourea and S-methyl isothiourea on the 
liver. In the doses used for the treatment of thjwotoxicosis, thiourea has not 
been shown to cause liver damage; but this effect was only demonstrated m 
guanidine and amidine derivatives as the lethal dose was approached. 

SUMMARY 

1 , When single doses of the benzamidines V147 or Vl87 are given intravenously 
to experimental animals they produce: 

a. A rise of blood pressure if the dose is small 

b. A fall of blood pressure due to peripheral vasodilatation if the dose is 
larger than 5 mg. /kg. 



BENZAMIDINES AND BENZAMIDOXIMES 


175 


c. A stimulation of respiration, partly due to the fall of blood pressure and 
partly due to a central action. 

d. Vomiting when given to pigeons. 

e. Death due to respiratory failure after excessive doses. 

2. V186, a benzamidoxime, resembles V147 and V187 in having no direct action 
on the heart. It is much less active pharmacologically and this difference 
has been demonstrated on the smooth muscle of the walls of arterioles, of the 
spleen and of the intestine; in the respiratory and vomiting centres of the 
medulla, and in the growth rate of young rats. This benzamidoxime is 
therefore less toxic in acute experiments than the analogous benzamidine. 

3. V187 has no appreciable effect in single injections on the blood sugar, sali- 
vary secretion, spinal reflexes or capillary permeability. It may be infused 
slowly info the anaesthetized cat at a rate of up to 5 mg./minute without 
alteration of blood pressure, respiration or intestinal movement: this rate of 
absorption is unlikely to be reached after local application of the drug to 
wounds. 

4. V187 has been fed to rabbits and rats in a dose of 0.2 g./kg./day for two 
weeks without affecting the blood count, liver or kidney function. 

5. The relation between the structure of guanidine, amidine and thiourea de- 
rivatives and their pharmacological actions is discussed. 

This work was done during the tenure of a grant from the Medical Research 
Council. 

I wish to express my thanks to Professor J. H. Burn for his advice and en- 
couragement and to Mr. H. W. Ling for his help with these experiments 
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In 1904 Cushny (1) published his first paper on optical isomers, using atropine 
and the hyoscyamines, and in the course of this work described a method for the 
comparison of the activity of those substances on the salivary secretion. This 
method, which he used in all subsequent work, measured the antagonism of the 
belladonna alkaloids to pilocarpine when injected into an unanaesthetized dog 
with a salivary fistula; the saliva was collected on cotton -wool which was weighed 
at intervals of 5 minutes. The activity of the unknown substance relative to that 
of atropine was estimated in a very limited number of dogs, and as Cushny (2) 
showed, the reaction of the individual dog to the weaker tropines is liable to 
unpredictable changes over a period of months. 

Issekutz (3) anaesthetized rabbits with urethane, and laid them on their side 
so that the saliva was not swallowed, but flowed into a small dish which w'as 
weighed at 10 min. intervals. Like Cushny he measured the inhibition of a pilo- 
carpine secretion by atropine derivatives, and his method is equally slow. 

Nyman (4) used a very ingenious method of measuring the salivary flow from 
one parotid gland in human beings. Pilocarpine was injected subcutaneously 
or infused intravenously to cause a secretion of saliva. Since the belladonna 
alkaloids used were slowly absorbed, they were injected subcutaneously half-an- 
hour before a subcutaneous injection of pilocarpine. There was a linear relation- 
ship between the dose of the belladonna alkaloid and the logarithm of the total 
quantity of saliva secreted during GO minutes after the injection of pilocarpine, 
and from this relationship the relative potency of the alkaloids used w'as calcu- 
lated. When pilocarpine was infused intravenously to give a steady secretion of 
saliva, the results w ere less satisfactory. A fast flow of saliva, which w'as more 
readily inhibited by atropine, could not be used because of other undesirable 
effects of pilocarpine. The error of the cstimfition with a medium salivaiy flow 
was large, as the end point of the effect of the belladonna alkaloid was difficult 
to determine. 

None of these methods is suitable for the assay of large numbers of atropine 
biibstituto.s on the salivarj- flow, because they are so time-consuming. This is 
due cither to the use of large doses of atropine (Cushny (1, 2) and Issekutz (3)), 
or to a slow salivary flow. As Njmian observed, the inhibitorj’ action of bella- 
donna alkaloids is far greater when the salivarj’ flow is rapid, and the essential 
modification we have introduced is that the sialogoguc used is infused' intra- 
venously to give ns fast a flow as possible, consistent with a constant rate of 
secretion. Under these conditions the duration of action of atropine is far shorter 
and many assays may therefore be made on the same animal. 

' During llw tenure of a pcr«onal grant from the Medical Research Council. 
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Method. Cats are used, anaesthetized with pentobarbitone or chloralose. 
Both anaesthetics give equally satisfactorj' results. A cannula is tied into 
Wharton’s duct and attached to a bottle containing tap water. The tap water, 
displaced by saliva, passes out of the bottle through the tube which actuates a 
drop timer (Gaddum and Ivwiatkowski (5)). As each drop forms at the mouth 
of the tube it makes a contact which brings an electromagnet into action to record 
a vertical line on a drum. MTien the drop falls the contact is broken, and the 
vertical line is interrupted; the height of the line is thus proportional to the in- 
ten’al between one drop and the next. Records such as those seen in Fig. 1- 
are obtained. A steady flow of saliva is produced in the cat by an intravenous 
infusion at uniform rate of a 0.005% solution of pilocarpine or a 0.004% solution 
of carbaminoylcholine in Ringer-Locke. Since both these substances lower 
the blood pressure, adrenaline hydrochloride, 0.002%, is also included in the 
infusion. Adrenaline has been shown by Stavraky (6) to increase the salivarj' 
flow produced by eserine, pilocarpine and mecholyl. It has been found an ad- 
vantage to use carbaminoylcholine rather than pilocarpine nitrate. The effect 
of carbaminoylcholine on the blood pressure is promptly antagonised by atropine, 
whereas that of pilocarpine is not. As a result it is possible to compare atropine 
substitutes with atropine not only by their action on the salivary flow, but simul- 
taneously by their action upon the blood pressure. The difference in the effect 
of carbaminoylcholine and of pilocarpine on the blood pressure is probably that 
the effect of choline esters is on the arteries whereas, as was shoMU by Bum 
(6) that of pilocarpine is, like that of histamine, on the capillaries. 

The apparatus used for infusion is of some importance, for the rate of infusion 
must be verj’’ constant. Some of the earlier experiments were carried out using 
a 20 cc. syringe, the piston of which was slowly driven in by a worm-gear attached 
to a small electric motor. This was not verj' satisfactory, as the temporal' 
cessation of the infusion while the syringe was refilled interfered with the assay. 
A device of larger capacity was necessary, which would deliver a constant volume 
per minute in spite of small fluctuations of venous pressure, and at a veiy' nlo" 
rate of infusion. We are indebted to Dr. E. H. J. Schuster for the loan of an 
apparatus which fulfils these requirements. In principle this consists of two 
cylinders, one of which fills while the other empties; the movement of the pistons 
is controlled by a screw, which is intermittently rotated by a friction ratchet \rtth 
a variable throw, driven by a small electric motor. 

The rate of infusion of carbaminoylcholine is usually about 0.5 cc. per min., 
but it requires adjustment for each animal until optimal salivary^ flow is obtained. 
This is such that the intravenous injection of atropine sulphate in a dose of ca. 
1-5 fig. at intenmls of 5 minutes no longer causes a gradual decrease in the rate 
of secretion over a long period. This optimal condition is only reached after 
some trouble; in practice it is best to run the infusion with intermittent injections 
of atropine for half-an-hour, and then to stop it for 45 minutes. At the end of 
this time results are more constant, the resting blood pressure steadier, and small 
doses of atropine can be injected every 3-5 minutes, causing a transient rise of 
blood pressure and decrease of salivary secretion, without cumulative action. 
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Fig. 1. shows the graded lesponse to three dififeient doses of atropine sulphate. 
It will be seen that, in order to obtain short lasting effects without cumulative 
action the range of dosage is limited. The peiiod in which similar effects can 
be obtained is also limited, due to changes in the condition of the cat or the rate 
of infusion. Thus a given dose of atropine may cause a diffeient degiee of inhibi- 
tion of salivary flow at various stages of the experiment. The assay of inhibiting 
substances was therefore carried out in the following w ay. A dose of atropine 
was chosen w hich gave neither too small nor too big an effect ; (from tlie experi- 
ment shown in fig. 1 the middle dose, i.e. 3 Mg. would be selected). This dose 
was injected repeatedl 3 ’ until a uniform response was obtained. 
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Fig 1 C\T 

Pentobarbitone Slow intravenous infusion of carbaminoylclioluic 0 004^^ and adrcnal- 
nie0002^ Record of salivary flow Tlieinliibitorj effect of three different doses of atro- 
pine sulphate is shown 


The activity of the unknown substance wa«; assaj-ed against this do^e of atro- 
pine sulphate by iccoiding the effect of a given dose of the new compound twice 
between two records of the elTcct of a given do^e of atropine. This piocednic wa-- 
followed until cithei an exact match was achieved, or until do'Cs had been dis- 
covered which wcic nunc effect i\ c ami less eRective than at i opine The iclati\e 
potency wa.s calculated thioiiglioiit by mcasiiiing the maximuin effect of an 
injection The duiiition of action was not taken into account as it could not be 
determined acriir.itclv In the same animal the lelative acti\ ity o-tablislied in 
this wa\ wa- cnnstanl foi a gi\eii subsfanec for as long as the pi pp.ir.it ion sui- 
\i\ed (up to It) hoiii-). and as many as 10-1.5 dilTeieiit substance- could be 
a— a\ed (luring the dav 

IXi’i iiiMi xT\i. Ui.-ii.T- KighI known -iib-titiite- loi atiojniie ha\e been 


180 


i;. nOi.iimxG axd g. s. daaves 


tested by the iiictliod de'scribed; for each substance not less than 5 cats \\ereuse<l. 
Table 1 shows good agreement between the results obtained by the assay on 
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hydrobromide and the eucatropine derivatives. Hyoscine hydrobromide has a 
much more prolonged action than atropine, while eucatropine has a much shorter 
effect. Such differences in duration of action make the assay more difficult as 
may be seen from fig. 2. In this assay 2 fig. atropine sulphate caused a smaller 
inhibition than 3 fig. eucatropine methiodide, but the eucatropine effect is very 
transient. From the same figure it is seen that eucatropine methiodide, though 
it has a powerful effect on the salivary flow does not affect the blood pressure 
appreciably. Of all the atropine substitutes tested only eucati’opine methiodide 
showed this discrepancy. 

In fig. 3 is shown a typical assay in which the effects on salivary’ flow and on the 
blood pressure are in agreement. The well known fact that l-h}’oscj'amine is 
twice as potent as atropine is demonstrated in the top tracing. In the bottom 
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tracing the corresponding quaternaiy salt, 1-hyoscyamine methiodide, is .seen to 
be stronger than the tcrtiaiy' salt. This appears to be a geneial nile. 

Discussion. .V new method has been de'^ciibed for the assay of atropine 
substitutes on tlie salivaiy’ secretion of cats stimulated by carbaminoylcholine. 

Table 2 gives the icsuUs obtained by diffcient authors using different methods 
for the comparison of the action of tropine derivatives on salivaiy secretion. 
Them is good agreement for atropine methyl nitrate and for the tertiaiy’ bases 
1- and d-hyoscyamine The ie.sult.s obtained with hyoscine and eucatropine 
derivatives do not show such good agi-ecment and these arc the compounds with 
which we obtained the greatest scattci during the a.s.say, owing to the difference.s 
in the duration of action of thc.se compounds and that of atropine. These dis- 
crepancies may be due to diffcient methods of administration and to different 
rates of absorption and elimination. Hoth on the salivary gland and on the blood 
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pressure the quaternaiw compounds were found to be stronger than the tertiarj’ 
ones. Nyman’s results on man agree with this conclusion for atropine methyl 
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Fig 3 Uecouds as Fig. 2 

At A intravenous injection of 2pg atropine sulphate, at B1 ;ig. 1 -hyoscyamine sulphate* 
at C 0.7 1-hyoscyamine rnethiod’ule. 


nitrate but not for hyoscine inethylbromide. We can explain this only by the 
fact that Xyman injected the drugs subcutaneously while we gave them intra- 
venously. 
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SUMMARY 

A method is described for the assay of atropine-like substances on the salivary 
secretion and the blood pressure of the cat during a slow intravenous infusion of 
carbaminoylcholine. The advantage of the method is that large numbers of 
compounds can be tested in a short time. 
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The action of quinidine in restoring normal rhythm to the fibrillatmg heart is 
well known and has been widely studied. Apparently, much less recognized is 
the fact that commercial quinidine sulfate, U.S.P., contains appreciable amounts 
of impurities in the form of other cinchona alkaloids. Dihydroquinidine is the 
chief contaminant, as first reported by Lewis et al. (1, 2), being present usually to 
the extent of about 20%. Lewis and co-workers made comparative tests of the 
action of pure preparations of these compounds on human beings with chrome 
auricular fibrillation. They concluded that dihydroquinidine was very slightly 
more powerful than quinidine. No further mention of this action of dihy'dro- 
quinidine is found in the literature until 1937, when Van Dongen and Sanches (3) 
reported that pure quinidine appeared to be without effect in increasing resistance 
to fibrillation by electrical stimuli to cats’ hearts. The action of commercial 
quinidine sulfate was attributed by them entirely’ to its dihy’droquinidine con- 
tent. .Apparently these authors overlooked the earlier work of Lewis, since they 
made no reference to it. Weisman (4), who studied the depressor action of 


these drugs, mentioned in a footnote that hydroquinidine failed to restore nor- 
mal cardiac rhythm to any of S patients with chronic auricular fibrillation. 

The present World War has caused an imminent e.\haustion of quinidine. 
Drs. R. B. AVoodward and AV. E. Doering, of Harvard and Columbia Universities, 
respectively, working mth the Office of Production Research and Development of 
the AVar Production Board, developed methods useful in the manufacture of 
synthetic quinidine and dihydroquinidine. They invited our laboratory to par- 
ticipate in the pharmacologic investigation. In view of the favorable reports 
published in Europe and referred to above, dihydroquinidine was included in the 
present study. Samples of pure quinidine and dihydroquinidine were generously 
supplied by Drs. AVoodward and Doering, while that of commercial quinidine 
sulfate, U.S.P., was obtained from our own stock. The melting points and spe- 
cific rotations of the 3 products are as follows: 170.5-171. S^C., and [afo -t-269.6 
in 95% ethanol, for quinidine; 1G9.5-170.5°C., and [a]” -1-213° in 95% ethanol, 
for dihydroquinidine; and 212-214°C. with decomposition for commercial quini- 
dine sulfate, U.S.P. 

Pharmacologic Studies. 1. Effect on VeniricidaT Fibrillation in Cats. The 
action of dihydroquinidine and quinidine against ventricular fibrillation was 
studied by a procedure essentially the same as that of Lindner and Katz (5)- 
This consisted of tetanic stimulation with a Harvard inductorium of the right 


ventricle near the A-V septum. Cats anesthetized irith pentobarbital sodiurn 
were used, the thorax being opened and artificial respiration maintained. Bloo 
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pressure was recorded from the carotid artery. Three dry cells were connected 
in series to the primary coil of the inductorimn. The duration of each stimulus 
was kept constant, at approximately 1 second throughout all tests. Each 
strength of stimulus was tested 3 times before increasing. The threshold for 
permanent ventricular fibrillation was determined. Fibrillation was considered 
permanent after 60 seconds, following which normal rhythm was reestablished by 
counterstimulation of the ventricles for about 1 second with 110 volts A.C., 
according to Hooker and associates (6). After 20 to 30 minutes for recovery, the 
fibrillation threshold was again ascertained. These latter results proved to be 
much less consistent than the first threshold measurements. One series of cats 
was studied without any quinidine preparation to serve as controls. The other 
animals were given an intravenous injection of either pure quinidine, dihydro- 
quinidine, or commercial quinidine sulfate just prior to measurement of the 
fibrillation threshold. Since these drugs have depressor action, the blood 
pressure was always allowed to return to normal before electrical stimulation 
was initiated. 

The results of these tests of cardiac action ate shown in table 1. Dihydro- 
quinidine is obviously more potent than pure quinidine in raising the threshold 
current needed to produce permanent ventricular fibrillation in cats. A dose of 
1 mg. per kg. intravenously appeared to be the threshold dose for dihydroquini- 
dine, while with pure quinidine, the same effect was produced with about 3.5 mg. 
per kg. Dihydroquinidine is thus approximately 3.5 times as effective as pure 
quinidine in its action on the heart in this respect. Commercial quinidine 
sulfate, as would be expected, was intermediary, its threshold dose being about 
2.0 mg. per kg. These results agree with those of Lewis et al. (1, 2) and Van 
Dongen and Sanches (3), except that the latter authors could demonstrate no 
cardiac action whatsoever for pure quinidine. 

3. Depressor Aclion in Cats. Comparison of the depressor action of pure 
quinidine and dihydroquinidine was made in cats anesthetized with pentobarbital 
sodium. Blood pressure was recorded from the carotid artery. The drugs W’ere 
administered intravenously. Owing to tachyphylaxis, only the first injection 
gave reliable results. Consequently, it was impossible to compare the depressor 
action of the 2 compounds in the same animal. These substances proved to have 
a marked depressor action only when given in comparatively large doses. In the 
case of dihydroquinidine, a dose of 10 mg. per kg. in 3 cats caused falls of blood 
pressure of 60, HO, and 75 mm. Hg, lasting 5, 23, and 20 minutes, respectively. 
.Vn equal dose of pure quinidine to 2 cats resulted in blood pressure falls of 75 and 
115 mm. Hg of 39+ and 4t+ minutes’ duration, respectively. A dose of 20 mg. 
per kg. produced a very rapid depressor effect and death in 3 to 4 minutes in 3 of 
4 cats given pure quinidine, while 2 of 4 animals showed similar results with 
dihydroquinidine in tiie same dosage. Doses of 1 to 2 mg. per kg. of either sub- 
stance produced only slight and veiy transient depressor effects. These result.s 
indicate little difference in the degree of depressor action of these 2 compounds in 
cats, except that the action of pure quinidine is more prolonged. Furthermore 
doses necessary for marked depressor effect were considerably above those re- 



186 CHARLES C. SCOTT, ROBERT C. ANDERSON, AND K. K. CHEN 

TABLE 1 


Cotnparative potency of pure guinidine, dihydroquinidincj and commercial quinidine 
Bidfate in raising the threshold of permanent ventricular fibrillation 
induced hyfaradic stimulation 


DSUC 

CAT NOTiBEl 

WEIGHT 

DOSE 

posmoH or 

SECONDARY con 

INREIAXrONTO 

PRIStARY 

AVERAGE 



kg. 

f»g. per kg. 

cm. 


None 

1 

3.487 



9.25 


2 






3 

3.647 





4 

3.140 





5 

3.110 





6 

4.137 





7 

3.399 





8 

2.765 


11 


Dihydroquinidine 

9 

3.665 

0.50 

7 

10.33 


10 

2.650 


12 



11 

3.915 

1 

1 

12 



12 

2.827 

0.75 

10 

9.67 


13 

4.189 


12 



14 

3.277 


7 



15 

3.300 

1.00 

6 

5.67 


16 

3.565 


8 



17 

, 2.827 


3 



18 

1 4.077 

2.00 

1 

6 

4.00 


19 

3.270 


3 



1 20 

2.815 


3 

1 


Pure quinidine 

21 

4.510 

2.00 

12 

10.67 


22 

3.350 


9 



23 

4.548 


11 



24 

4.347 

3.50 

7 

4.40 


25 

3.896 


7 



26 

3.085 


0 



27 

2.877 


2 



28 

3.235 


6 



29 

3.790 

5.00 

3 

3.50 


30 

3.500 


4 



31 

4.164 

10.00 

0 

0 

Commercial quinidine 

32 

3.945 

2.00 


7.33 

sulfate 

33 

3.312 





34 

3.412 





35 


5.00 


2.50 


36 

4 391 1 


























QUINIDINE AND DIHYDROQUINIDINE 


187 


quired to elevate the ventricular Sbrillation threshold. In the report by Weis- 
man (4), on the marked cardiovascular depressant action of pure quinidine in 
dogs, it is of interest to note that he used lethal doses (45 mg. per kg.) of quinidine 
and compared these effects with those resulting from doses of only 20 mg. per 
kg. of dihydroquinidine. Consequently, his conclusion that quinidine is a much 
stronger cardiovascular depressant than dihydroquinidine does not appear to be 
justified. 

3. Acute Toxicity in Mice. The median lethal doses ± standard errors were 
determined in albino mice by injection into the tail vein, for pure quinidine, 
dihydroquinidine, and commercial quinidine sulfate. Computations were made 
according to the method of Bliss (7). Results are given in table 2. Dihydro- 
quinidine proved to be somewhat more toxic to mice than pure quinidine, the 
difference being statistically highly significant. Since commercial quinidine 

TABLE 2 


The acute toxicity of dihydroquinidine, pure quinidine, and commercial quinidine sulfate by 
intravenous injection into mice 


DtUC 

DOSE 

KUUBES DIED 

>nj«BEX VSED 

LDss ^ST. 


mt- ttr kg. 

■Mi 

ffr kg. 

Dihydroquinidine 

50 


56.5 ±2.1 


56 




62 

8/10 



80 

5/5 


Pure quinidine 

62 

3/10 

69.0 ±2.6 


70 

4/10 



SO 

9/10 


Commercial quinidine sulfate 

50 

0/5 

73.5 ±2.8 


62 

2/10 



70 

3/10 



80 

7/10 



100 

5/5 



sulfate is only 82.80% quinidine base, the figure for the base should be corrected 
to G0.9 -+ 2.3 mg. per kg., a value between that of the other 2 substances. 

After injection of pure quinidine, clonic convulsions appeared within a few 
seconds followed by death or recovery in 1 to 3 minutes. The onset of convul- 
sions resulting from injection of dihydroquinidine occurred in 15 to 60 seconds 
the convulsions being less intense but of somewhat longer duration than with pure 
quinidine. 

.Mlhough the toxicity of dihj-droquinidine in mice is about 18% greater than 
that of pure quinidine, the difference may not prove to be a disadvantage. In 
\ic\\ of Its -trongcr cardiac action, dihydroquinidine may be employed in smaller 
(lo>;agc, and the compound may actually prove safer for therapeutic purposes than 

quinidine 

The'4' iciult.- confinn the earlier conclusions of Lewis and a.«ociates and Van 
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Dongen and Sanches that dihydroquinidine is more potent than pure quinidine 
or commercial quinidine sulfate against fibrillation of the heart. Further clinical 
trials of dihydroquinidine appear warranted. 

SDMMART 

A comparison was made of some pharmacologic actions of pure quinidine, 
dihydroquinidine, and commercial quinidine sulfate, U.S.P. The following 
results were obtained: 

1. The threshold doses of dihydroquinidine and quinidine required to raise the 
intensity of electrical stimulation needed to produce ventricular fibrillation in 
cats were approximately 1 and 3.5 mg. per kg., respectively. 

2. In doses of 10 mg. per kg. intravenously into anesthetized oats, quinidine or 
dihydroquinidine caused a marked fall of blood pressure — almost of equal inten- 
sity. The duration of action of quinidine on blood pressure was more prolonged 
however. Doses of 1 to 2 mg. per kg. intravenously produced only slight and 
very transient fall of blood pressure. 

3. From the median lethal doses obtained by intravenous injection into mice, 
dihydroquinidine was about 18% more toxic than quinidine. 
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The effect of the tetraethyl ammonium ion on the heart has been little studied. 
Trendelenburg (1) and others reported marked depression (“fast voUstandiger 
Stillstand”) of the excised frog heart -with a 1 per cent concentration. This 
action of tetraethyl ammonium was not prevented by atropine, a fact which 
conforms ■w’ith its generally accepted lack of muscarinic properties. Simon (2) 
reported that 7.8 millimols per liter of tri-tetraethyl ammonium phosphate 
“depresses” the isolated frog heart while the intravenous injection of 10 micro- 
mols per kgm. in the rabbit “excites” the heart. 

Tetraethyl ammonium ion has some dmilarities to veratrum alkaloids in its 
action on nerve. Cowan and Walter (3) showed that tetraethyl ammonium 
causes isolated crab nerve to respond repetitively to stimulation with single,' 
brief shocks, and that it decreases the threshold voltage for slowly rising currents. 
Both of these properties are shared by veratrine, as tested on circulated mam- 
malian nerve (4, 5). Intra-arterial injections of 10 mgm. per kgm. of tetraethyl 
ammonium bromide into the leg circulation of the cat (6) produce the repetitive 
response to angle, brief stimuli, the augmentation of negative afterpotential, 
and other related phenomena in the circulated peroneal nerve which veratrine 
also produces (5). 

These similarities between tetraethyl ammonium ion and veratrum alkaloids 
with respect to nerve suggested the possibility of similarities in other systems. 
Veratrum alkaloids produce a recovery from failure in the heart-lung preparation 
of the dog, and in larger doses they cause cardiac irregularities. In the intact 
animal .small doses lead to a marked bradycardia, a fall of arterial pressure and a 
complex respiratory response ; and larger doses produce a discharge of epinephrine 
and a rise of arterial pressure (7, 8, 9). 

The experiments with tetraethyl ammonium ion reported in this paper confirm 
the resemblance between this substance and veratrum alkaloids so far as a direct 
action on the mammalian heart is concerned. The bradycardia, the depressor 
response, the pressor response, and the effects on respiration and the discharge 
of epinephrine -will be analyzed in a later paper. 

Mktiiods Dor heart lung preparations were performed as described in previous com- 
munications (7) . The animals n ciRlicd from 7 to 12 kgm and w ere anesthetized w i th sodium 
pcnloharlntal ' Deribnnatcd blood was used. Tetraethyl ammonium bromide (Eastman 
Kodak C'omp.iny) was kept in an aqueous stock solution of 10 per cent strength and diluted 
.appropriateh shortly before injection. Elementary analysis and negative tests for ash 
and amine'! shoiied that the sample of tetraethyl ammonium bromide used lias practically 

‘ Sodium pentobarbital (Nembutal) was kindly supplied by the Abbott Laboratories 
North f'hirago, Illinois ’ 


ISO 
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100 per cent pure.® The drug was usuall 3 ' added to the blood in the venous reservoir, but 
if a higher initial concentration in the heart was wanted, it was injected into the rubber 
tubing leading to the venous inflow cannula. The heart-lung system contained from 700 
to 900 cc. of blood. 

The observations on cardiae irregularities were made on the heart-lung preparations 
and on intact and vagotomized dogs and cats under anesthesia with sodium pentobarbital 
or 0.7 cc. per kgm. of Dial solution* (each cc. containing diallj'l barbituric acid [Dial], 
0.1 gram, urethane, 0.4 gram, monoethyl urea, 0.4 gram, and distilled water q.s.) injected 
intraperitoneally. Electrocardiograms were taken with a 2-channel, inkwriting Grass 
oscillograph. Intravenous injections were made via a cannula in the jugular or femo- 
ral vein. 

Results: The action of tetraethyl ammonium bromide was tested in 20 
heart-lung preparations. Three of these showed little evidence of failure at the 
time the substance was added to the inflowing blood. In 3 heart-lung prepara- 
tions, “spontaneous” failure was allowed to occur before the drug was given. 
In the remaining preparations, the drug was tested after induction of failure by 
sodium pentobarbital (8 experiments), 2-naphthyl-l'-meth3’’limidazoline hydro- 
chloride (5 experiments)'* or quinacrine (1 experiment). 

A. Effect on Work Capacity: Tetraethyl ammonium improves the work ca- 
pacity of the heart-lung preparation. This effect is evident from a decrease of 
venous pressure, a decrease of heart volume, and an increase of sj'stemic output. 
It is more specificallj'' demonstrated by tests of the work capacity of the heart 
performed by increasing the blood supply (elevation of the level of blood in the 
venous reservoir by 50 or 100 mm.). Figure 1 illustrates these phenomena. 

The improvement in work capacity is the more striking the more serious the 
heart failure. In the freshly prepared heart-lung preparations, a slight degree of 
failure may be assumed to have occurred, for tetraethyl ammonium, like the 
cardiac glycosides or the veratrum alkaloids, improves the heart’s performance 
slightly. When the failure is severe, the improvement may be dramatic. N® 
differences in the response of work capacity were noted between hearts failing as 
a result of the drugs listed above and the “spontaneously” failing heart. 

The action is rapid in onset and reaches a maximum within a minute. M i*** 
small doses (10 mgm.) it lasts for only 3 to 10 minutes, but vith larger doses 
(100 mgiti.) the effect may be apparent for 40 or more minutes. Ten milligiams 
is close to the minimal effective dose. In a total blood volume of 700 to 1000 cc., 
this represents a minimal effective concentration of 1:70,000 to 1:100,000, or 
69 to 48 millimols per liter. Doses of 100 mgm. or more produce almost complet® 
recovery from failure. Doses as high as 1 gram cause essentially the same effects 
unless the irregularities described below occur. Table 1 illustrates the effect 
of various doses upon the venous pressure and the systemic cardiac output of 
the failing heart. 

“ Tests done by Dr. Carl Tiedcke, New' York. 

3 Kindly supplied by Ciba Pharmaceutical Products, Summit, New* Jersey. 

* Thanks are due to Miss Barbara Rennick and Ciba Pharmaceutical Products for t e 
opportunity to teat heart-lung preparations in which failure had been induced by 2-nap i 
thyl-l'-meth 3 dimidazolinc hj'drochloride (Privine hj’drochloride). 
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B. Effgd on Heart Rale: In the three heart-lung preparations with little evi- 
dence of failure, the initial dose of 10 mgm. of tetraethyl ammonium bromide 
led to a temporary increase of 3 to 10 beats per minute from the basal rate of 
about 120 per minute. Subsequent larger doses caused longer lasting and greater 
tachycardia as a function of the dose. In one experiment, as a result of a series 
of doses of tetraethyl ammonium bromide totalling 1.34 grams given over a 
period of one hour, the heart rate rose stepwise from 112 to 202 per minute. 
After each dose, the heart rate rose to a peak in the first minute after the injection 



Fig. 1. Tiie Ekfbct of Tetraethyi. Ammo.xium Bromide on- the Failing Heart 

Heart -lung preparation, dog, 7 kgm. Traeings, from top to bottom: systemic output 
of the heart signaled m 100 cc. volumes (IVeese stromuhr); time in 10-second intervals; 
arterial pressure Imercury manometer), sc.ale at left in mm. Hg; venous pressure from the 
right auricle (water manometer), scale at right in cm. of water; volume of the heart from 
eardiometer, each division of the scale representing a change of 10 cc.; signal. 

Failure, induced by sodium pentobarbital, is evident from the low output and high venous 
pressure at the beginning of the record The figures over the signals indicate the mm. 
through « hich the venous reservoir were elevated and lowered in tests of the work-capacity 
of the heart by changing the blood supply to the right heart. In the early part of the 
record, raising the reservoir 50 mm. led to only a moderate increase of cardiac output and a 
sizable increase in venous pressure. 

At T, 100 mgm of tetraethyl ammonium bromide was introduced into the venous reser- 
voir. The blood volume of the entire system was about 700 cc. The heart responded by 
an increase of output and work capacity, and a decrease of venous pressure and heart 
volume. The heart rate changed insignificantly. 

Between and B, there «as a pause of 22 mm. In B, it is evident that the failure has 
returned 

into the venous blood and then declined slowly during the 5 to 15 minutes before 
tlie iic.Nt dose. 

In the failing hcart.s, the heart rate was affected much as in those which were 
te.sted before serious failure had set in. When a pause of 20 to 40 minutes 
elapsed after a dose of tetraethyl ammonium in hearts failing from treatment 
with .sodium pentobarbital, the initial cardiac aeceleration gave place to a gradual 
deceleration below the basal rate (fig. 1 ). In at least .some of the.se e.xperiment.s 
the bradycardia wa.s of ventricular origin, with auriculo-vcntricular di.s.sociation 
of varjing degree; the auriclc.s were beating faster than normal. Similarly, in 
three experimont.s in ane.sthetizcd intact cats, slowly progressive poisoning bv 
Successive intramuscular or intrapcritoncal injections totalling about 30 mgni. 
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per kgm. of tetraethyl ammonium bromide produced progressive bradycardia 
unaffected by vagotomy. 

C. Cardiac Irregularities: In the denervated heart-lung preparation of the dog 
and in the intact anesthetized dog or cat, large doses of tetraethyl ammonium 
bromide produce a number of alterations of the production and transmission of 
cardiac impulses. An intravenous injection of 25 or more mgm. per kgm. in 
the intact dog or cat, or a dose of 100 or more mgm. in the heart-lung preparation 
is regularly followed by a characteristic change in the electrocardiogram, as 
illustrated in figure 2. This consists of a change in the amplitude of the T-wave, 
usually in such a way as to lead to a large T-wave in the same direction as the 
P-wave when the leads are in a position comparable to lead I of the human electro- 

TABLK 1 

The effect of the co7icentralion of tetraethyl atnmouiiim ioit on the failitig heart-Uing y/cparalion 
of the dog^ as measured by the response of venous pressure and stjstemie 
cardiac output 

Venous pressure response is calculated as: 

100 X venous pressure due to tetraethyl ammonium 

(Failure level of venous pressure) minus (Initial level) 

Systemic output response is calculated as: 


Increase in systemic output due to tetraethyl ammonium 
(Initial level of systemic output) minus (Failure level) 





j PER CEST RECOVEBV FROII rAItUBE 

TEA Br. 1 

1 

TEA Br. 

UTEK 

Venous pressure 
response 

Sysiesirc Output 
reaponse 

10 

1:90,000 

53 

0 


10 

1:87,000 

55 

13 

8 

30 

1:29,000 

160 

42 

48 

50 

1:18,400 

260 

27 

39 

50 

1:17,400 

270 

57 

60 

100 

1:8,700 

550 

94 

sr 

100 

1 ■.8,500 

560 

70 

76 

100 

1:8,500 

560 

57 

77 

150 

1:6,500 

740 

110 

12) 


cardiogram. Associated with this is usually a change in the S-T segment, which 
is no longer isoelectric, but slopes from a high or low position at the end of the 
S-wave to the beginning of the augmented T-wave. The electrocardiogram' 
returns to normal in 2 to 6 minutes. In no instance was there a prolongation o 
the P-R interval. 

Larger doses of tetraethyl ammonium bromide lead to ventricular extra.systoles, 
singly, in groups alternating nith groups of normal beats, or in the form of con- 
tinuous ventricular tachycardia. With sufficiently large doses, ventricular 
fibrillation results. Occasionally, the -■^-V node became the pacemaker. In 
heart-lung preparations failing as a result of sodium pentobarbital, temporao 
auricular a.systole or A-V dissociation follow doses of 200 or more mgm. o 
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tetraethyl ammonium. In one of the e.vperiments in cats mentioned in section B, 
in which successi^'e intramuscular or intraperitoneal injections were given, the 
bradycardia suddenly changed to pulsus bigeminus. 

In the hearts with little evidence of failure, in the experiments in which 
“spontaneous” failure was allowed to occur, and in the hearts in which failure 
was induced by 2-naphthyl-l'-methyIimidazoline hydrochloride, 200 mgm. of 
tetraethyl ammonium bromide caused no irregularities and doses as high as 500 

INJ. si si J 


20 




40 

6 0 


8 0 

SEC. 


I 1 I SEC. 

I’m 2 Tut. Kffkct 1)1 \ lyvnOK iNTnAFhxois Dose ofTetriethvl Amsioxicm Bromidk 

OV THE BEECTROCAnDIOCnAM 

Do(:, 10 kRtn , aiicsllietized with sodium pentobarbital. Vagi cut. At the left the 
interv.al, in sec , after the injection of 31 mgm per kgm. into the jugular vein; at the right 
the corn-j)omhng strips of BCG, recorded uith an inknriting oscillograph. 

or lOtXI mgm. did not uniformly cau=e irrcgularitie.s. Sodium pentobarbital, 
lioucvor, favors the appearance of cardiac irregularities in the heart-lung prepa- 
nition when tetraethyl ammonium bromide is given. In the hearts failing as a 
rcMilt 01 treatment with sodium pentobarbital, 200 mgm. uniformlv cau=ed 
CNtra'-y-tolcs, tachycardia, or fibrillation of ventricular origin. If a given dose 
t\as injected into the venous inflow cannula, so that the concentration reaching 
the lieart was initially high, the irnegtilarities occurred rapidly and for a short 
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time. If, on the other hand, the drug was admitted to the heart slowdy, greater 
doses could be administered without the occurrence of irregularities. 

Discussion: Tetraethyl ammonium ion has a positive inotropic effect on the 
failing heart-lung preparation of the dog. In larger doses it causes a varieh' of 
irregularities of the heart. This combination of properties places it, pharma- 
cologically speaking, in the class of substances of which the cardiac glycosides 
form an important group. In the same respects, it resembles those veratrum 
alkaloids which have been studied in the manner described in this paper (7, 8, 9). 
Yet its chemical structure is radically different from that of either of these groups 
of compounds. 

Previous pharmacological data on tetraethyl ammonium ion consist largely of 
negative findings (1). Other members of the large group of quaternarj’ am- 
monium compounds exhibit curariform, nicotinic, muscarinic and anti-muscanmc 
properties. Tetraethyl ammonium has been found to lack the muscarinic 
property, its possession of curariform activity has been denied (10), and the 
evidence for anti-muscarinic properties is flimsy. Data which are to be published 
in a subsequent paper show that tetraethyl ammonium bromide injected intra- 
venously in anesthetized cats and dogs causes a marked depressor response and a 
moderate bradycardia, both of which may be e.xplained by a rather specific 
blockage of autonomic ganglia while much larger doses cause a pressor response 
accompanied by the discharge of epinephrine. 

No cardiac effects other than the muscarinic one have previously been attrib- 
uted to any of the quaternary ammonium compounds except tetraetlyd ammon- 
ium; and the reports concerning the cardiac effects of the latter have hardly been 
taken seriously. The properties of tetraethyl ammonium (positive inotropic 
effect and cardiac irregularities) described in this paper are, therefore, new and 
unique for compounds of this group. 

The members of the lanata group of cardiac glycosides were ana^’zed by Iiloe 
and Yisscher (11) for two important variables: namely, the concentration pro- 
ducing the positive inotropic effect (“minimal efficiency dose”), and the concen- 
tration producing cardiac irregularities (“minimal irregularity dose”). The same 
analysis has been carried out for veratrum alkaloids in this laboratory’ (8, 9)- 
These studies reveal that these properties, which appear to be linked together 
in these and other drugs having cardiac action, are independently variable so far 
as effective concentration is concerned. Thus, the ratio of minimal positive 
inotropic concentration to minimal toxic concentration is 1 to 12 for veratridme, 
1 to 5 for veratrine, and 1 to 3 for protoveratrine. 

For tetraethyl ammonium bromide this ratio is difficult to determine ac- 
curately because of the relativ-e brevity' of the effects of the drug. Thus, unlike 
the cardiac glycosides, tetraethyl ammonium ion has only a transient effect on 
the failing heart, lasting 10 to 40 minutes. Moreover, quick injection of a large 
dose is more likely to lead to cardiac irregularities than slow or divided injection 
of the same dose. From the data giv'en above, a rough appro.ximation of the 
ratio, minimal positive inotropic concentration to minimal toxic concentration, 
is 1 to 20 in hearts failing as a result of treatment with sodium pentobarbita . 
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If, however, the data on hearts failing from other causes are considered, this 
ratio becomes 1 to 100. 

Summary: 1. Tetraethyl ammonium bromide, in concentrations from 1:100,- 
000 (48 micromols per liter) upward, improves the Yvork capacity of the heart 
in the heart-lung preparation of the dog. This improvement is slight in hearts 
with little evidence of failure, but is the more striking the more severe the heart 
failure. It occurs whether the failure is “spontaneous,” or whether it is induced 
by sodium pentobarbital, 2-naphthyl-l'-methylimidazoline hydrochloride (Priv- 
ine), or quinacrine. 

2. Concentrations from 1 ; 100,000 upward lead to slight to moderate acceler- 
ation of the rate of the denerrmted heart, followed by a slow progressive deceler- 
ation below the basal rate. 

3. Concentrations of 1 : 10,000 upward produce changes in the T-wave and the 
S-T segment of the electrocardiogram, and larger doses produce ventricular 
extrasystoles or fibrillation. 

4. The dose which produces cardiac irregularities is 200 mgm. when failure 
has been induced by sodium pentobarbital, but 1 gram in the other conditions 
studied. 

5. In intact anesthetized dogs and cats, intravenous doses of 25 or more mgm. 
per kgm. produce the same changes in the T-wave and the S-T segment of the 
electrocardiogram, extrasystoles of the same nature, and the same slow decelera- 
tion of the heart as those observed in the heart-lung preparation. 
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ERHATUM 


The title of the article by Heppel et al. appearing on page 53 of the May 
issue should read “The Toxicology of 1,2-Dichloroethane (Ethylene Dichlo- 
ride).” 

In the article by Chance and Lobstein on “The Value of the Guinea-Pig 
Comeal Reflex for Tests of Surface Anaesthesia” published in this journal, 
82, 203, 1944, on page 206 under Volume of Doses, in Dr. Lesser’s experi- 
ments the anesthetic was injected beneath the conjunctiva. The results then 
are not comparable to those in which it was applied to the surface and involve 
passage through an epithelial membrane. 
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In a previous communication (1) evidence was presented which indicated that 
2-naphthyl-(l')-methyl-imidazoline HCI (Privine) acts more like ephedrine than 
epinephrine. Although privine somewhat resembles the latter by being mildly 
potentiated by cocaine, it differe from epinephrine in not having its action re- 
versed by the adrenolytic and sympatholytic agents ethyl yohimbine (2, 3) or 
piperidinometliyl benzodioxane, 933F (4). In this respect it resembles vaso- 
constrictors related to ephedrine. 

It seemed desirable to use other test objects or functions in an effort to further 
elucidate the action of this synthetic agent (5), and the procedure to be described 
was adopted. 

Method. Twenty-four cats of both sexes were anesthetized with either urethane, ether 
or dial-urethane and were surgically prepared for insertion of salivary, carotid and venous 
cannulae. Wharton's duct of the submaxillary gland was selected for cannulation and the 
ipsilateral chorda tympani and cervical sjmpathetic nerves were arranged for faradization 
after the vagi were sectioned. Salivary flow was recorded on a horizontal volumometer 
calibrated to register one centimeter as representing 0.0345 cc. The ipsilateral nictitating 
membrane was needled and arranged for kymographic registration of its excursions simul- 
taneously with carotid arterial pressure which was recorded through a mercury manometer. 
Pupillary changes were measured udth a millimeter rule. .All faradization was cfTccted with 
a Harvard inductorium. Several drugs of varying concentrations as described below were 
injected intravenously and the sequence of administration was altered to satisfy the intent 
of the invcstig.ation, n.amcly, to localize the scat of action of privine. These drugs included 
pituitrin, the hydrochlorides of privine, epinephrine, ephedrine, ethyl yohimbine’ and 
pilocarpine, and the sulphate of atropine. Privine was occasionally administered intra- 
pcritoncally, orally, rcctally or directly into the stomach or small intestine. .All doses cited 
arc in terms of milligrams per kilogram. 

Results. Privine, 0.1 mgm., was effective as a vasoconstrictor in cats as well 
as in dogs (1). However, it seemed to be less effective than epinephrine, which 

'This contribution uas initiated at Wayne I'nivcrsity College of Medicine, Detroit 
Michigan. It represents part of the project supported at that institution by Ciba Pharma- 
ceutical Products, Inc , in the form of a research grant established for the investigation of 
new synthetic vasoconstrictors, including Frixaiie. 

’ Now uith the Department of Phy.siology, Northwestern University School of Medicine, 
Chicago, llVinois 

' Prep.ared by Dr W O Byaater of the Research Division of Parke Davis, Co., Detroit, 
Michigan. 


197 



198 FREDRICK F. YONKMAX, BARBARA REXXICK AXD HEXRV L. SCH^VER^U 



Fig. 1. Cat. 2.3 Kc... 10/20/43. UnnTHAS'c Anesthesia 
In descending order, right nictitating membrane function, right submaxillar}' salivation 
expressed in centimeters, left carotid blood pressure, time in five seconds. r' c t? ^ 

1. Vagi sectioned; 2. Cervical sympathetic nerve faradized for 10 seconds (C.S.F.). 
3. Epinephrine, 10 gamma; 4. Privine, 10 gamma; 5. Privine, 100 gamma. 



Fig. 2. 

Continuation of figure 1. Time lapse of 70 minutes between 5 and 15, during which 
C.S.F., epinephrine and ephedrine were exercised. 

15. Privine, 100 gamma; 16. Ethyl yohimbine, 3 milligrams; 17. Epinephrine, 10 ganinia, 
IS. Cervical sympathetic nerve faradized for 10 seconds; 10. Privine, 100 gamma; 
Privine, 1 milligram. 



Fig. 3. Cat. 2.8 Kg., U/2/43. Urethane Anesthesia 

In descending order, right nictitating membrane function, right submaxillary salivation, 
reaction of left pupil with d- denoting dilatation, — no change, and MAX representing 
maximal dilatation, left carotid blood pressure, time in five seconds. 

1. Cervical sympathetic nerve faradized for 10 seconds. . ,9 

2. Epinephrine. 10 gamma. Time lapse of approximately 50 minutes between “ A' 

during which privine, ephedrine, pilocarpine, atropine and chorda tympanic faradiza i 
(C.T.F.) were exercised. , ,7 

12. Privine, 1 milligram. Time lapse of approximately 20 minutes between ‘in 
during which C.T.F., C.S.F , pilocarpine and epinephrine Vere exercised^ 

17. Ethyl yohimbine, 3 milligrams. Time lapse of approximately 15 minutes. i & 
which pituitrln, epinephrine and C.S.F. were exercised. 

24. Privine, 1 milligram 
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produced a comparable rise in blood pressure ^rith a dose of onl 3 ' 0.01 mgm. 

(fig. 1)- 

Privine was effective (fig. 2 and 3), although less than normallj-, in elevating 
and sustaining tension after ethj'l j'ohimbine, 3.0 mgm. The effect of prirdne was 
not reversed as was characteristic of epinephrine following the j'ohimbine radical. 

Privine produced no salivarj- secretion until a concentration of 1.0 mgm. was 
used (fig. 2) and this secietion was arrested bj' atropine, 0.2 mgm. but not bj'- 
ethj'l j’ohimbine, 3.0 mgm. (fig. 4). 

Privine invariablj' caused a retraction of the nictitating membrane, even after 
rectal insertion of such a small dosage as 0.2 mgm. This effect was partiallj' 
nullified bj' atropine and likewise bj' ethjd yohimbine (figs. 4, 5, and 6). Some 
contraction of the nictitating membrane frequentlj- resulted after either atropine 
or ethyl j^ohimbine but seemed not to be maximal (fig. 3). The nictitating mem- 



Fio. A . Cat. 2 5 Kg , 11/16/43 Urethane Anesthesia 


In descending order, right nictitating membrane function, nght submaxillarj' salivation, 
left carotid blood pressure, time in five seconds 

1, Cervical sympathetic nerve faradized for 10 seconds 2 Vagi sectioned 3. Chorda 
tympani nerve faradized for 10 seconds 4 Same as I Time lapse of approvimately 25 
minutes between 4 and 12, during n Inch privine in varying doses was administered enterally 
12. Privine, 100 gamma. Time lapse of IS minutes between 12 and 15 during which certain 
unknowns not germane to this presentation were exercised 15. & 18 Chorda tympani 
nerve faradized for 10 seconds 16 & 19 Cervical sympathetic nerve faradized" for 10 
seconds. 17. Atropine, 0 2 milligrams 20 Epinephrine, 50 gamma. 21. Ethjd yohim- 
liine, 3 milligrams 


Iiranc wa.s the most sensitive indicator of privine’s action since intravenous 
dosages as low as from 0.001 to 0.01 mgm. could retract it (fig. 0). 

Privine produced no change in anj- function studied after administration of 
1 mgm. into the stomach or of 0.5 mgm. into the ileum, but it did elevate blood 
pressure and retract the nictitating membrane when given rcctally, 0.6 mgm. or 
less, or intraperitoneally, 0 5 mgm. 

Pupillaiy reactions were sufficiently variable to preclude any unequivocal con- 
clusion to be drawn therefrom; predominantly, however, the pupil responded bv 
dilating ratlicr than bv constneting. 

Discussion-. Tliesc c\pcrimcnts indicate that the hj-pertensive action of 
imvinc in the cat is, as shown previouslj- in the dog (1), similar to ephedrine’s 
pre-or action rather than to that of epinephrine, since its effect is not reversed by 
ethyl yohimbine. Thi- fact, however, docs not preclude the possibility of 
pri\ine’s po-^es>ing otiicr sympathomimetic capacities similar to those of 
epiiieplirine. 'Die method dp>-erilie<i almvc was cho=cn so tliat dually innervated 
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organ"! could be studied simultaneouslj'. Unfortunately, in a sense, for our pur- 
poses, the sphincter pupillae, nictitating membrane and submaxillan' gland are 
controlled by three different cranial nerA'es, namely, the third, sixth and seventh 
respectively, but on the other hand, a balancing innen'ation for the functions 
involved is singularlj' afforded by the cervical sympathetic nerve. If privine 
possessed anj' sympathomimetic properties they should have been manifested in 
either mydriasis, salivation or retraction of the nictitating membrane. Likemse, 
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Fio. 5. C\T. 2.3 Ko., 10/21/t3. Cbethane .Anesthesia 

In descending order, right nictitating membrane function, right submaxillai y saiivation 
reaction of left pupil, -f or — , left carotid blood pressure, time in five seconds. 

1. Cervicai sympathetic nerve faradized for 20 seconds. 2. Epinephrine, 100 gamma. 
Time lapse of approximatciy 15 minutes, between 2-7. 7. Privine, 1 milligram. 3. Time 
lapse of 7 minutes. 9. Pilocarpine, 1 milligram. 10. .Atropine, 0.2 milligram. 
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Fio. 6. Cat 3 3 Ko , 6/6/44 Dial-Uheth r.sE .A.ve'sthesia 

111 descending order, right nictitating membrane function, left carotid blood pressure, 
time in five seconds. , , 

1 Cervical sympathetic nerve faradized for 10 seconds; 2. Physiologic sodium chlonu*! 
solution, 2 cc.; 3. Privine. 1 gamma, 4. Privine, 10 gamma; 5. .Atropine, 200 gamma: u. 
Ethyl j'ohimbine, 3 milligrams, 7. Epinephrine, 10 gamma; 8. Privine, 10 gamma; 0. rri- 
vine, 100 gamma. 

cholinergic or parasympathomimetic potentialities could have become evident by 
miosis, salivation or lateral protrusion of the nictitating membrane, which latter 
function, according to the excellent work of Rosenblueth & Bard (6) i.® controlled 
bj' the sixth cranial nerve. 

The important effects of privine are illustrated in figure 1. In this e.xperiment 
no .salivary secretion is induced by 0.1 mgm. but the nictitating membrane re- 
tracts and some increase in caiotid tension occurs, — a result which could be 
cau.sed by adrenergic stimulation. However, 1.0 mgm., usually initiates a 
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slightly delayed but marked salivaiy flow which is arrested only by atropine 
(fig. 2). This response demonstrates the cholinergic property of the larger doses 
of privine and is a property which was not anticipated. The increased secretion 
was not prevented by adrenolytic amounts of ethyl yohimbine, which fact sup- 
ports the conlusion that as a sialogogue privine in this dosage is cholinergic 
rather than adrenergic. Further e'vddence validating this coiJusion is afforded by 
the fact that faradization of the cervical sympathetic nerve results in renewed 
salivary flow, after salivation promoted by privine has been inhibited by atropine. 
In such a condition, mth the animal under the influence of atropine but not pre- 
treated with yohimbine, epinephrine acts in the same marmer as faradization of 
the cervical sympathetic nerve, but pilocarpine, acetylcholine and faradization of 
the chorda tympani do not. Thus, in reference to salivation, a large dose of 
privine apparently acts cholinergically like pilocarpine and acetylcholine but not 
adrenergically like epinephrine or sympathin. 

It seems that the nictitating membrane is one of the most consistently sensitive 
indicators of privine’s actions that have been studied to date. Amounts of the 
drug as small as 0.01 mgm. or less produce a slow, gradual retraction which, if 
given time, may become almost maximal. Retraction by privine may occur after 
atropine administration although here it is usually not maximal; more signifi- 
cantly, atropine relaxes in part a privine-induced contraction of muscle in the 
nictitating membrane. This effect indicates perhaps some cholinergic activity 
of privine in this muscle, an effect which was not anticipated since the only known 
neural components of cranial origin in the nictitating membrane arise from the 
sixth cranial nerve and, according to Rosenblueth and Bard (6), faradization of 
this nerve results not in retraction but rather in extrusion of the membrane 
laterally across the cornea and this result is registered by a fall rather than a rise 
in the recording lever. The same result would be anticipated if the end organs of 
the sixth cranial nerve were cholinergically reactive. However, retraction rather 
than e.\trusion of the nictitating membrane, followed the administration of pri- 
vine. The same result has been observed with pilocarpine by others and may 
indicate merely, as Rosenblueth (7) suggests, that the adrenergically reactive 
components associated nith the cervical sjunpathetic nerve in this muscle are 
also reactive to certain cholinergic effectors and apparently more so than those 
associated with a true cranial efferent nerve such as, in this instance, the sixth. 

There seems to be less question regarding the explanation of ethyl yohimbine’s 
capacity to annul that component of retraction of the nictitating membrane that 
is induced by privine. Ethyl yohimbine augments or completes, as a rule, atro- 
pine’s nullification of pnvine retraction (figs. 5 and 6). Extremely large doses of 
ethyl yohimbine are required for sympatholj-sis but less for lysis of privine’s 
effect. Tliis w.os also true of epinephrine or adrenaline (2), and it would seem 
that pri\-inc is perhaps somewhat cholinergic and also partially, but definitely 
adrenergic in cheiting a retraction of the nictitating membrane, since this retrac- 
tion is in part lysed by atropine and more completely so by ethyl yohimbine. 

llie available evidence indicates that pupillarj- dilatation usually follows ad- 
ministration of privine and one w ould believe this reaction to be adrenergic rather 
than anticholinergic in nature. Tins .'cems reasonable since it is difficult to com- 
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prehend a simultaneous cholineigic action of privine as a sialogogue and an anti- 
cholinergic action as a mydriatic. 

On the basis of results presented it can be concluded that privine, although 
cholinergic in some of its actions, is only weakly so in relation to salivation since 
lai^e doses of the drug are required to initiate salivary flow. It seems to be also 
somewhat cholinergic in retracting the nictitating membrane since small amounts, 
regardless of how administered, are effective in this respect. In this situation, 
it must not be forgotten, however, that retraction is powerfully augmented or 
facilitated by the concomitant adrenergic powers of privine. 

The import of privine’s action following administration by routes other than 
the intravenous is discussed elsewhere (1). The results reported here indicate 
that there is no species difference between the cat and the dog in this respect. 

The mixture of cholinergic and adrenergic actions demonstrated by prime 
indicates the undesirability of classif 3 Tng an agent such as privine solely as a 
vasoconstrictor drug, even though such a capacity seems at present to be its chief 
characteristic. Its other pharmacologic properties, such as its cholinergic poten- 
tialities, must not be ignored, not only for purposes of pharmacologic classifica- 
tion but more particularly so when its possible substitution for ephedrine is con- 
sidered in certain clinical situations such as hypotension, bronchial asthma, or 
associated conditions requiring prolonged ephediine-like medication. 

CONCLUSIONS 

1. Privine, in adequate dosage in anesthetized cats can simultaneously elevate 
arterial tension, retract the nictitating membrane, induce salivation and dilate 
the pupil. As a hypertensive agent privine, however, is less potent than epi- 
nephrine. 

2. Retraction of the nictitating membrane seems to be induced both cholin- 
ergically and adrenergically since it is lysed by both atropine and ethyl yohim- 
bine. Privine, regardless of its route of administration, is perhaps most consis- 
tently detected physiologically in very small amounts by this sensitive 
indicator, the nictitating membrane. 

3. Salivary secretion is induced only by large doses of privine, a reaction that 
is cholinergic.in nature since it is completely nullified by atropine. 

4. Dilatation of the pupil by privine is probably induced adrenergically. 

5. The varied pharmacologic effects of privine observed e-xperimentally suggest 
that under certain conditions and in e.xcessive amounts this drug may invoke 
cholinergic as well as adrenergic reactions. 
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The therapeutic activity of the sulphonamides depends largely on obtaining 
adequate blood concentrations, and since there are irregularities in absorption 
from the gut, supplementary parenteral administration is often indicated, partic- 
ularly at the beginning of treatment. 

Except for neutral soluble derivatives of sulphanilamide which are in use, the 
only injectable sulphonamides at present available are the sodium salts, which 
are, apart from sodium sulphacetamide, highly alkaline and cause local tissue 
damage. The addition of a group to increase solubility tends to reduce thera- 
peutic activity, but in xdew of the clinical use of “Soluseptasine”, a neutral 
soluble derivative of sulphanilamide, the analogous derivatives of sulphapyridine 
and sulphathiazole were prepared. These we have called solupiuidine and 
soluthiazole respectively, and they are the disodium cinnamylidene dibisulphite 
derivatives of the parent compounds. Their molecular weights are 571 and 577, 
and 1 g. contains respectively 0.434 g. and 0.442 g. of sulphapyridine and sulpha- 
thiazole. Both substances are readily soluble in water, and we have used solu- 
tions containing 20 per cent of the parent sulphonamide. These solutions have 
a pH value of about 8, and can be sterilised by autoclaving in sealed containers. 

On the assumption that these compounds owe their activity to the liberation 
in the body of their parent sulphonamides, all dosage and concentration figures 
are given in terms of the parent compounds. 

Therapeutic activity. The compounds were tested against Streptococcus 
pyogenes. Staphylococcus aureus and Pneumococcus {Type I). 

In vitro tests. YTien tested in vitro against Staphylococcus aureus (two 
strains) by Fleming’s slide-cell technique, using human defibrinated blood, the 
average minimal effective concentration for a number of estimations was 1 : 4,000 
for soluthiazole as compared vith 1:32,000 for sulphathiazole. Solupyridine 
was similarly less active than the parent compound. Although, however, these 
results did not appear promising, it %vas felt that in vivo experiments would 
proiide a more useful evaluation. 

In vivo experiments. In designing these experiments, we took into account the 
absorption and excretion of the compounds. Schmidt, Sesler and Hughes (1) 
and Marshall, Litchfield and Yliite (2) have shown the importance of evaluating 
actmty on blood concentrations, instead of on the doses employed. Since we 
found, however, that the absorption and e,\cretion of solupyridine and soluthi- 
aible were amilar, a reliable comparison of the potencies could be based on the 
affective doses. 

Mbino mice of a l<boratorj--brcd strain were used throughout the experi- 
ments. 
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Streptococcus pyogenes. Infection was by intraperitoneal injection of a broth 
dilution of an 18-hour culture. Administration of the compounds by the sub- 
cutaneous route was begun one hour after infection, and repeated once daily for 
seven days. The sodium salts of the parent compounds were used as controls. 

Two experiments were carried out. The infective dose in the first e.xperiment 
was 0.25 cc. of a 10"^ dilution, and in the second experiment, after the virulence 
had been increased by passage, 0.5 cc. of a 10"“ dilution. Groups of 10 mice 
were used on each dose. The results of the second e.xpeiiment are given in 
table 1. 


TABLE 1 


The effect of soluthiazole and solupyridine against streptococcal infections in mice 
Injections once daily 


coupotTm) 

DOSE 

KO. or 

1 MICE 

1 

MO. or sranvoES each day 

ECTECIA* 

Tio.v or 

UfE 

I 1 

2 

3 i 

4 

5 , 

6 i 

7 i 

Control 

mr-Zr- 

10 

■ 

0 

0 

0 

0 

0 1 

1 

0 

days 

0.6 

Sodium sulpha- 

0.5 

10 

10 1 

10 

10 

B 

7 

7 

7 

5.95 

pyridine 

mSm 

10 

10 1 

10 

9 

B 

6 j 

3 

1 

5.15 


wSml 

10 

10 i 

6 

4 


2 

0 

0 

2.9 


mm 

10 

10 i 

9 

2 

B 

0 

0 

H 

2.7 

Solupyridine 

0.5 

10 

i 

10 

10 

m 

10 

B 

10 

9 

6.95 


0.25 

10 

10 

10 

8 

8 

8 

8 

5 

5.95 



10 

10 


5 

3 

2 

1 

1 

3.35 



10 

10 


3 

3 

1 

1 

1 

2.95 

Sodium sulpha- 

0.5 

10 


9 


B 

6 

5 

4 

5.1 

thi azole 

0.125 

10 

El 

2 


B 

1 

0 

0 

2.1 


0,0625 

10 

11 

1 


B 

D 

0 

0 

1.5 

Soluthiazole 

0.25 

10 

10 1 

B 

m 

B 

5 

B 

5 

4.55 


0.125 

10 

10 1 

B 

3 

3 

1 

B 

1 

2.85 


0.0625, 

10 

10 

B 

0 

0 

1 0 

1 

B 

0 

1.6 


These results are also shown graphically in fig. 1. The e.xpectation of life is 
based on a formula used by Goodwin (3). This was then plotted against the 
logarithm of the dose and a line fitted graphically to the steepest part of the 
curve. The positions of maximum response (7 days) and zero response {e.xpec- 
tation of life of the control group) were marked on the graph, and the dose 
corresponding to an e.xpectation of life midway between these two extremes was 
recorded as the standard effective dose (S.E.D.). 

In the second e.xperiment shown in fig, 1, the standard effective doses for 
sodium sulphapyridine, solup 3 Tidine, sodium sulphathiazole and soluthiazole 
were respectively 0.17, 0.15, 0.25 and 0.19 mg./g. The results obtained in the 
first experiment were plotted graphically in the same manner, and the figures 
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were respectively 0.12, 0.16, 0.23 and 0.25 mg./g. Both soluthiazole and solu- 
pyridine were as active as the corresponding sodium salts, and solupyridine ap- 
peared slightly more eEFective than soluthiazole. 

Staphylococcus aureus. We obtained a strain of staphylococcus which gave a 
lethal infection in mice without using mucin. An 18-hour blood broth culture 
was diluted to give 400,000 organisms per cc., and 0.5 cc. was ^ven intraperi- 
toneally to each mouse. Groups of 10 mice were used on each dose. The in- 
jections began subcutaneously one hour after infection, and were repeated for 
fen days. The results are pven in table 2. 


TABLE 2* 

The effect of soluthiazole and solupyridine against staphylococcal infections in mice 
Injections once daily 


cowotnn) 

DOSE 

NO. OT 



NO. or ST«^^VO»S EACai DAY 



EXPZC- 


1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

LUX 

Control 

nt.lt. 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 days 

0.5 

Sodium sulpha- 

0.5 

10 

9 

9 

9 

9 

9 

B 

9 

9 

8 

6 

8.8 

pyridine 

0.25 

10 

6 

6 

6 

6 

2 

B 

1 

0 

0 

0 

3.3 


0.125 

10 

3 

3 

3 

3 

1 

B 

0 

0 

0 

0 

1.8 

Solupyridine 

1.0 

10 

10 

10 

10 

10 

m 

9 

9 

9 

8 

6 

9.3 



10 

9 

8 

4 

4 

3 

2 

0 

0 

0 

0 

3.5 


0.25 

10 

4 

4 

4 

3 

1 

0 

0 

0 

0 

0 

2.1 


0.125 

10 I 

5 

2 

2 


1 

0 

0 

0 

0 

0 

1.6 

Sodium sulpha- 


10 

10 

10 

9 


9 

8 

6 

6 

5 

5 

8.0 

thi azole 

0 25 

10 

6 

3 

3 


0 

0 

0 

0 

0 

0 

2.0 


0.125 

10 

3 

2 

2 


0 

0 

0 

m 

0 

0 

1.3 

Soluthiazole 

1.0 

10 

10 

10 

10 

m 

m 

8 

4 

B 

■ 

4 

7.5 


0 5 

10 

7 

5 

1 

1 

1 

0 

0 

0 

0 

0 

2.0 


0 25 

10 

o 

2 

2 

1 

1 

1 

1 

0 

0 

0 

1.8 


These results, plotted graphically, are shown in fig. 2. The standard effective 
doses for sodium sulphapyridine, solupyridine, sodium sulphathiazole and solu- 
thiazole were respectively 0.32, 0.58, 0.37 and 0.74 mg./g. Since the cun'es are 
approximately parallel, the potencies can be compared from a consideration of 
the standard effective doses. On this basis, both the sodium salts were about 
tnico as active as the new compounds, thus confirming the in vitro experiments 
nith Staphylococcus aureus. Tlie analogues were therefore less effective against 
staphylococcal than against streptococcal infections. These results also showed 
solupyridine to be slightly more effective than soluthiazole, although we do not 
attach much significance to this difference. 

Pneumococcus (Type J). The inoculum wa-s 0.5 cc. of an 18-hour blood broth 
culture dilute<l 10'* or lO”' according to its x-irulence. Becau'e the compounds 
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were excreted very rapidly we found it necessary to give subcutaneous injections 
every three hours during the day and night for four days, and as the injections 
had to be given continuously during the 24 hours, we did not attempt to obtain 
a graded dose-response curve, although the results showed that on equal doses 
similar effects were observed with the two compounds. Mice surviving after 
the fourth day were observed for a further six days for relapse. The results are 
given in table 3. 

Since a possible use of these derivatives would be the production by injection 
of an initial high concentration in the blood, followed later by oral administration 
of the parent compounds, a series of e.xperiments was designed on theiollowmg 



I. Solupyridine 
II. Sodium sulphapyridine 
III. Soluthiazole 
TV. Sodium sulphathiazole 

Fig. 1. Streptococcai. Infections in 
Mice 



Fig. 2. Staphteococcae Infections in 
Mice 


lines. The concentration in the blood was maintained for the first seven hours 
after infection by repeated subcutaneous injections of 0.6 mg./g. "at two-hourly 
intervals of the soluble compound, followed by sub-maxiinal doses (0.5 mg/gO 
by mouth of the parent substances every 24 hours for four days. This treatment 
(a) was compared with (b) a series of mice in w'hich the oral administration of 
the parent compound was delayed up to seven hours, and no injections of the 
soluble compound were given. It was found that for sulphapyridine the expecta- 
tion of life for treatments (a) and (b) was 4.7 and 3.7 days respectively, and for 
sulphathiazole 4.4 and 3.1 days. Initial treatment with the soluble derivatives, 
therefore, was advantageous 
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Toxicitt. Systemic toxicity. The toxicities of the disodium cinnamylidene 
dibisulphite derivatives were accurately determined in comparison with 'the 
sodium salts of the parent compounds. The compounds were given by intra- 
venous, subcutaneous and oral administration, and mortalities were obsenmd 
for a period of seven days. The results were calculated statistically by Gad- 

TABLE 3 


The effect of solupyridine and soluthiazole against pneumococcal (Type I) infections 

in mice 

Injections everj' 3 hours for 4 days 


COUPOCND 

DOSC 

NO. OF 
laa: 

NO. OF SUS\’IVO»S FACH CAY 

1 

; EXPECTATION OF 
UTE 

1 

: 2 

1 3 

4 

5 

6 

7 

8 

9 

10 

During 

treat- 

ment 

After 

treat- 

ment 


ms Is- 












days 

days 

Control 


10 

9 

1 ' 

0 

0 

0 

0 

0 

0 

0 

0 

1.5 


Solupyridine... 

0.6 

10 

9 

9 

9 

9 

9 

s 

8 

7 

7 

6 

3.65 

3.3 

Soluthiazole. 

0 6 

10 

10 

10 

10 

10 

9 

6 

5 

o~ 

4 

4 

4.0 

2.75 


TABLE 4 

rile acute toxicities in mice of solupyridine and soluthiazole in comparison with the 
sodium salts of the parent compounds 


COltPOtJND 

METHOD OF 
ADiriKISTHATlON 

NO. OF 

UICE 

L.D.50 

b:i:crb 

Solupyridine 

Intravenous 

80 

ms-ls- 

1.28 

14.9 ±3.7 


Subcutaneous 

70 

2.68 

10.1 ±2.3 


Oral 

50 

7.5 

1 

6.5 

Sodium sulphapyridinc 

Intravenous 

70 


9.0 ±3.0 


Subcutaneous 

70 

1.39 

28.7 ±5.6 


Oral 

60 

2.7 

10.0 — 

Soluthiazole 

Intravenous 

GO 

1.28 

14.4 ±3.4 


Subcutaneous 

SO 

2.57 

12.5 ±2.6 


Oral 

50 

8.0 

15.2 — 

Sodium sulphathiazole 

1 Intravenous 

SO 

0.99 

12.3 J-2.3 


1 Subcutaneous 

70 

1.81 

5.8 -*-1.7 


1 Oral 

65 

4.5 

5.5 — 


dum’s (4) method. These figures, which are in terms of the parent compounds 
showed that solupyridine was of the same toxicity as soluthiazole by all methods 
of administration, and also that the sodium salt of sulphapjTidine was slightly 
more toxic than the sodium salt of sulphathiazole. The new eompounds were 
both less toxic than the corresponding sodium salts. 

The acute toxic symptoms in mice were as follows: tVith solupyridine, symp- 
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toms appeared within five minutes after intravenous injection, characterised 
initially by trembling and rigidity of the tail. Ataxia and severe convulsions 
followed which were mainly of the clonic type. These continued intermittently 
for five or ten minutes, death resulting from respiratory failure after a particu- 
larly violent clonic convulsion. With soluthiazole, toxic symptoms appeared 
somewhat later, and severe convulsions of a mixed t3p)e were observed. The 
symptoms were similar to those caused by the sodium salts of the parent com- 
pounds. 

Urolithiasis. We examined the compounds for the production of urolithiasis, 
although it is recognised that this toxic manifestation is a function of the solu- 
bility. An attempt was made to produce urolithiasis in rats by the admimstra- 
tion of large doses of soluthiazole, and to compare the effect of equivalent doses 
of the parent substance. The amounts used were 10, 5 and 2.5 mg./g. per day. 
Soluthiazole was given subcutaneously in two doses each day, and sulphathiazole 
orally in suspension once daily. The majority of the animals given sulpha- 
thiazole had crystals in the kidneys and ureters at autopsy, whereas the animals 
given soluthiazole were entirely free from symptoms. 

TABLE 5 


The effect of solupyndinc and soluthiazole on phagocytosis 
Figures indicate number of bacteria per phagocyte 



DRUG CONCXNTRATIO'i 

TOMCE^^>* 

POINT 



0 6% 

OASJ 

01% 

0 3% 



Solupyridine 

Soluthiazole. 

0 s 

3 4 

8 8 

9 6 

0 7 

21 1 
1.2 

5 0 

12 2 

16 9 

% 

0 8 

0 6 


Local toxicity, (i) Action on phagocytes. We examined the technique of Thrower 
and Valentine (5) and evolved a simple method based on this technique without 
the use of reconstituted blood. The method is briefly as follows : Human oitrated 
blood, freshly withdrawn, is mi.xed with dilutions of the compound and incubated 
at 37°C. for three hours. The antigen consists of an agar slope culture of 
Staphylococcus aureus, washed off into sterile saline, standardised to 1,000 milhon 
organisms per cc., and heated at OO^C, for one hour. Tins is added, and the 
blood is then reincubated for half-an-hour. The phagocytes are concentrated by 
lightlj' centrifuging in sealed capillary tubes; films are prepared stained by 
Gram’s method, and the number of bacteria in each 25 phagocytes is counted. 
Readings of one coccus or less per phagocyte were taken as demonstrating 
inhibitory action, and this concentration was recorded as the toxic end-point. 
Typical results are shown in table 5. 

These results indicated that neither soluthiazole nor solupyridine was very 
toxic to leucocytes. Solupyridine appeared slightly less harmful in this respect 
than soluthiazole. 

(ii) Effect on wounds. The effect on wounds was tested by a method described 
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by Ungar and Robinson (6). The wounds are produced under anaesthesia on 
both sides of the shaven flank of guinea pigs by burning the skin with an electric 
iron for a period of five seconds. After five days the scabs are removed, and the 
wounds are then treated vith the compoimd. We used 5 per cent concentra- 
tions, and the solutions were applied daily for a period of five days. Inspection 
of the wounds and microscopical examination of sections of skin tissue showed no 
significant difference in the rate of healing of treated and control animals. 

(iii) Atlion on the conjunctiva. Repeated instillation of the undiluted 20 per 
cent solution of both compounds into the conjunctival sac of rabbits or guinea 
pigs produced no visible damage. 

(iv) Effect on skin tissue. The irritant action was tested by a method des- 
cribed by Paget, Trevan and Attwood (7). Graded concentrations from 1 to 
20 per cent were injected intracutaneously in quantities of 0.05 cc. into the 
shaven flank of guinea pigs. The lowest concentration which produced a clear 
local reaction during the period of observation (three days) was recorded as the 
minimal necrosing concentration. We found that neither compound produced 
a reaction in concentrations of 1 and 2 per cent; 5 per cent produced a very slight 
reaction, whereas with 10 and 20 per cent concentrations there was a definite 
indurated necrotic area, and even sloughing of the skin with the 20 per cent 
solution. 

Discussion. In evaluating the actmty of a drug in experimental infections, it 
is important to distinguish between the mere detection of acthrity and a quantita- 
tive estimate. This has been examined by Marshall, Litchfield and "VlTrite (2). 
They based an estimate of the activity on the relationship between blood con- 
centrations rather than on the actual doses given. They were, however, con- 
cerned mainly with compounds given orally, and therefore differences in the blood 
concentrations were obviously important. By relating the median survival dose 
to the blood concentration a measure of the actmty was obtained, and in this 
way they found that in streptococcal and pneumococcal infections, sulphathiazole 
and sulphapyridine administered orally w'ere of the same order of activity. 

Although our own experiments with streptococcal and staphylococcal infections 
readily lend themselves to such an evaluation, for the purpose of presenting our 
results here we have adopted the simpler, although not necessarily less accurate, 
method described. Furthermore, blood absorption curves for soluthiazole and 
solupyridine, given in the following paper, were found to be almost identical, 
and since the substances were given by injection, absorption was more regular. 
Inspection of figs. 1 and 2 shows that as the responses were approximatelv 
parallel, an estimate could be made from the standard effective doses. 

Soluthiazole and holupyridme were equally active. No significant difference 
m actmty could be demonstrated against staphylococcal infections, although 
this is contrarj' to clinical findings, sulphathiazole having been reported more 
active than sulplmpyridinc. Our experiments were, however, carried out with 
only one strain of staphylococcus. Against streptococcal infections, the ana- 
logues were equal in activity to the sodium salts. The sodium salts were, how- 
ever, more active in staphylococcal infections, and we are unable to account for 
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this since the eiddence ivould appear to show that all the available sulphonamide 
in the analogues is liberated in the body. 

An accurate estimate of the acute toxicity in mice showed that both by 
intravenous and by subcutaneous administration the analogues were less toxic 
than the corresponding sodium salts. The differences were not, however, veiy 
great, and if the toxicity w'ere an indication of the active material present, it 
would provide confirmation that the analogues are not dissimilar from the 
sodium salts in the availability of the sulphonamide present. Presumably the 
cinnamylidene dibisulphite part of the molecule has little acthity or toxicity. 
The anticipation that these neutral soluble derivatives would be better tolerated 
locally than the alkaline sodium salts was borne out by our findings. 

SmiMART 

1. An examination has been made of the therapeutic activity and toxicity of 
soluthiazole and solupyridine, disodium cinnamylidene dibisulphite derivatives 
of the parent compounds, sulphathiazole and sulphap 3 rridine. 

2. They were equally active, and in streptococcal and pneumococcal (Type I) 
infections in mice were similar in activity to the sodium salts of the parent com- 
pounds, but against staphylococci they were less effective. 

3. Solupyridine and soluthiazole were equal in toxicity to mice by all methods 
of administration, and were less toxic than the corresponding sodium salts of the 
parent compounds; they did not produce urolithiasis to any extent. 

4. Tests for local toxicity and irritant properties indicated that the solutions 
were better tolerated than those of the sodium salts. 
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Soluthiazole and solupyridine are the disodium cinnainylidene bisulphites 
of sulphathiazole and sulphapyridine respectively. The absorption and e.xcretion 
have been studied in various laboratory^ animals, and we have extended the 
investigation to field trials in sheep and cattle and also some obsen^ations in 
man. Both soluthiazole and solupyridine were used in solutions containing the 
equivalent of 20 per cent of the parent substances, and aU figures given are in 
terms of the parent compounds. The method of estimation was that described 
by Bratton and Marshall (1), using a photo-electric absorptiometer and 0.2 cc. 
of blood nt a dilution of 1 :50. Recovery from blood was good, presumably as 
the result of hydrolysis of the analogues to the parent compounds, but was not 
as regular as that obtained rrith the parent substances, although the error was 
not greater than ±0.5-1 mg. per cent. It is conceivable that the body fluids 
of animals recei%ing these drugs may contain (a) free sulphathiazole, (b) un- 
changed soluthiazole, (c) acet 3 dated or othetTrise conjugated sulphathiazole. 
Under the conditions of the procedure used for determination, we have been 
unable to distinguish (a) from (b), and thus our figures for free sulphonamide do 
not indicate the extent of anj" hj-drolj’sis of soluthiazole which might take place 
in the bodj'. 

Absorption' into blood-stream. Mice. Groups of mice (35 on each dose) 
were given graded doses, and at intervals groups of five mice were killed and 
blood concentrations determined. The results obtained wth soluthiazole are 
shoira in figs. 1 and 2, similar responses being obtained with solupj'ridine. By 
all methods of administration the two compounds were absorbed rapidlj', and 
even more quickly than the sodium salts. After intravenous injection, a peak 
concentration was reached itithin twenty minutes, and after subcutaneous or 
oral administration wTthin thirty minutes. Although there was a rapid disap- 
pearance from the blood, it was possible by repeated subcutaneous injections at 
intervals of Ij hours to maintain an adequate concentration. 

Absorption in other animals. These results are summarised in table 1. 

The rate of absorption in the rabbit was similar to that in mice, and there was 
no marked difference between the rates of absorption of soluthiazole and solu- 
pyridine, or between intramuscular and subcutaneous injection. Tliis was due 
presumably to the high solubility of the compounds. The blood level could be 
m.aintained at 15 mg per 100 cc. with an initial subcutaneous injection of 0.125 
g./kg , followed by 0 075 g /kg. at IJ-hour inteivals. After the last injection, 
however, the blood level quickly fell (within four hours) to 5 mg. per 100 cc. 

The blood concentration in the cat was maintained for a longer time. This 
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may have been due to the anaesthetic employed to allow for the withdrawal of 
cerebrospinal fluid by cisternal puncture. The peak concentration in the dog 


a) 



Fio. 1. Blood Concentrations in Mice apter Single SoBCUTANEOtrs Injections or 

SOLTJTHI AZOLE 





HOURS 

Fig. 2. Comparative Rate of Absorption of Solutbiazole in Mice after a) 
Intravenous, b) Subcutaneods, and c) Oral Administration 
Dose: 0.125 mg./g. 

occurred within half-an-hour, but in sheep and cattle it was somewhat later, and 
was maintained for a longer time. Absorption into the blood took place readily 
after infusion into the udders of dry cows. 


TABLE 1 

Concenlralions of free svlphonamide in the body fluids of different animals 
(a) Rabbit: 0.25 g./kg. solupyridine subcutaneously 


Hotnts 



mm 

1 ^ 1 

5 

24 

45 



mum 

4.6 

1.0 



HHEH 

InW 

1.5 



D 

20.5 

30.7 

63.7 




0.125 g./kg. Eoluthiazole intramuscularly 


Blood concn., mg. per 100 cc | 

8.7 

5.5 

3.0 

19 


Urinary excretion (% of dose) 


8.2 

15.3 

91 

60.5 


(b) Cat: 0.15 g./kg. solupyridine subcutaneously 



1 B0DX5 


1 

2 

3} 

5 

7 

Blood concn., mg. per 100 cc 

7.8 

7.3 

mm 

6.3 


C.S.F. concn., mg. per 100 cc 

1.1 

1.0 

m 

2.5 



0.25 g./kg. solutbiaiole subcutaneously 


Blood concn., mg. per 100 cc 

8.6 

Hi 

15.1 

mm 

11.7 

C.S.r. concn., mg. per 100 cc 

0.6 

1 

■b 

1.2 

■ii 

■HI 


(o) Dog: 0.2 g./kg. solupyridine intramuscularly 





comis 




1 

i 

1 

21 

L ^ 

Blood concn., mg. per 100 cc 

9.3 

12 3 

11.8 

9.0 

4.6 


(d) Sheep; 0.35 g./kg. solupyridine subcutaneously 


nouxs 



i 

1 

3 

s 

7 

Blood concn., mg. per 100 cc 

7.0 

10.3 

1 

16.2 

14.0 

9.2 

0.4 g./kg. soluthiazole subcutaneously 

Blood concn,, mg. per 100 cc . 

11.6 

12.8 

18.2 

16.6 

16.4 

(e) Cow: 0.1 g./kg. solupyridine subcutaneously 


Boms 


1 1 


3 

5 

1 7 

Blood concn , mg. per 100 cc. 

1.9 

2.4 

4.4 

3.9 

2.8 

Udder infusion, 225 cc. 

Eoln.) into each quarter 

Blood concn., mg. per 100 cc 

1 

14.0 

9.2 

4.5 

4.2 
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Ahsorplion in man. We have had an opportunity of studying the absorption 
in man, and these results are shown in table 2 and fig. 3. 


TABLE 2 

Blood conccnlrations in man 


BLOOD CONCENT31ATION', MC. PEX 100 CC. 


ihr. 

[ H hrs. j 

3 hrs. 

Free j Total 

1 1 

Total 1 

Free [ Total 


(a) 5 CC. aoluthiazole intramuscularly 


1 

12.8 

12.8 

4.1 

4.1 

4.5 

4.6 

2.1 

2.2 

2 

2.4 

2.5 

5.2 

5.2 

.3.0 

3.0 

1.9 

1.9 

3 

2.0 

2.0 

4.2 

4.2 

3.9 

3.9 

3.2 

3.2 

4 

1.9 

1.9 

2.2 

2.3 

2.3 

2.3 

2.0 

2.0 

5 

3.2 

4.0 

3.4 

4.7 

1.8 

2.0 

1.3 

1.6 

6 

4.2 


4.3 

4.4 

3.7 

3.7 

3.4 

3.6 

7 

3.8 


4.0 

4.1 

3.1 

3.1 

2.0 

2.0 

8 

3.0 


3.1 

3.1 

2.3 

2.3 

2.0 

2.0 ■ 

9 

4.0 


3.8 

3.8 

3.3 

3.4 

2.3 

2.3 

16 

4.3 

4.4 

5.8 

5.8 

5.0 

5.0 

5.0 

5.0 

17 

S.9 

5.9 1 

6.0 

6.0 

5.8 

6.1 

4.5 

4.8 

Average. . . 

4.3 

4.5 

4.2 

m 

3.5 

3.6 

2.7 

2.8 


(b) 20 CO. soluthiazole intravenously 


11 

12 

13 

14 

15 

I 

1 

9.5 

12.0 

14.2 

11.0 

9.1 

9.5 

12.0 

14.2 

12.4 

11.8 

8.1 

8.0 

12.0 

7.6 

7.6 

8.1 

8.8 

12.0 

9.1 

7.9 


H 

Average . . . 

14.5 

15.2 

11.2 

12.0 

8.7 

9.2 

6.0 



(c) 20 CC. solupyridine intravenously 


18 

12.9 

13.3 

8.7 

9.6 

5.1 

5.8 

3.2 

3.6 

19 

15.9 

17.0 

6.9 

7.8 

7.4 

7.5 

3.6 


20 

18.5 

18.5 

10.8 

11.1 

8.4 

9.0 

5.3 

5.0 

21 

22.4 

22.8 

13.3 

13.7 

10.7 

10.7 

7.5 

7.0 

22 

19.1 

19.4 

11.1 

11.2 

8.4 

8.7 

5.7 

5.9 

Average . . . 

17.8 

18.2 

10.2 

10.7 

8.0 

8.3 

5.1 

5.3 


Patients 1 to 4 were civilian; the remainder were military, V.D. patients. 


Although the series was small, absorption was satisfactory, and fairly regular 
with both compounds. The maximum level after intravenous injection o^cuire 
within half-an-hour, and this agreed with the results obtained in animals. Ine 
blood level quickly fell, but a dose of 20 cc. ensured an immediate high concentre- 
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tion which could then be maintained either by further injections, not more than 
six hours later, or by oral administration of the parent substance. Almost the 
whole amount present in the blood was in the free form; very little was con- 
jugated, and there was no difference in this respect between soluthiazole and 
solupyridine. This was of considerable interest, since it is commonly reported 
that with sulphapyridine amounts between 15 and 75 per cent are acetylated In 
the blood, and between 0 and 30 per cent-for sulphathiazole. Conjugation of the 
sodium salts is, however, also very much less, being comparable with that of 
solupyridine and solutWazole, and presumably on account of the high solubility 
and rapid excretion the liver has little time in which to acetylate large amounts. 

Penetration into the cerebrospinal fluid, and distribution in the tis- 
sues. We determined the concentration in samples of cisternal fluid, and found 



Fio. 3. Blood Con'Centrations in Man after a Single Dose of 20 cc. 

(a) Solupyridine, given intravenously, (b) Soluthiazole, given intravenously. Aver- 
sge of S^patients on each. 

only small amounts. Results obtained in the rabbit and cat are shown in table 1. 
The low concentration may have been due to the anaesthetic employed in the 
procedure, but a probable explanation is the rapid excretion of these compounds. 
This was investigated further by examination of the distribution in the tissues of 
anaesthetised cats with ligated kidneys bj' a method described by Fisher, Troast, 
IVaterhduso and Shannon (2). The compounds were administered intraven- 
ously, and at the conclusion of the c.xperiment (two hours) blood samples were 
obtained and centrifuged immediately to separate cells from plasma. Cere- 
brospinal fluid was obtained by cisternal puncture, and samples of tissue were 
oiacerated with sand in 5 per cent sodium carbonate, the protein coagulated by 
boat, and the amount of drug in the filtrate determined. Calculations were 
b.T'ed on mg./lOO g. wet weight. The results are shown in table 3. 
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penetration into the cerebrospinal fluid was 
Slight. The largest amounts were accumulated in the liver and plasma. 

On a ™ Excretion in rats and rabbits. 

r solubility the compounds were rapidly eliminated 

houm mom if '' P®" ®®“^> 24 to 48 

inat^n fh "apid rate of elim- 

the nnro f ^ Conjugated was less than would have been expected vith 

These results are shown in table 4. 

coninirntf^ ” Cover w ether the compounds were intrinsically less prone to 
conjugation, we earned out a comparative experiment in rats, giving the sub- 

TABLE 3 

Disinbulton of free sulphonamide in the tissues of the cat 


Soluthiazole. . 
Solupyridine. 


«f-A. 

400 

400 


CO.VCE.\T^liAIIOW (uo./lOO C.) 


Plasma 


105 

122 


R.B.C. 


32 

21 


Muscit 


12.1 

S.l 


Liver 


142 

109 


C.S.F. 


3.9 

4.7 


Brain 


3.1 

4.9 


XABZ.E 4 

JThe rate of excretion and conjugation in the urine after 0.S5 mg.fg. subcutaneously 


Rat 


Rabbit 


Soluthiazole 


J’XRCENTACE DOSE EXCEETED 
FEECENTAGE DOSE EXCEETED IN CCNJUOATED FOEU 


Shrs. 


33.6 

2.4 


24 brs. 


54.4 

3.1 


Soluthiazole 


Solupyridine 


lo.3 

l.S 


20.5 

1.9 


39.1 

9.3 


30.6 

2.3 


67.1 

4.0 


49.5 

12.3 


63'7 

18.3 


pomnminrio umounts Conjugated with those for the parent 

miisoiTla ’ *10 sigluficant difference. When given either by intra- 

thinvoie.*^ ^ cutaneous injection, there tvas no difference between solu- 
fhp upyndme in the rate of excretion or in the amounts conjugated; 

fo f however, definitely less than after oral administra- 

tion of the parent compounds. 

end-product. Soluthiazole and solupyridine as such are highly 
° urine and almost insoluble in organic solvents. For the purpose of 

compounds were excreted, the urine of rabbits 
"w c a een given large doses was subjected to prolonged extraction with 
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ether, and in the extract some of the parent compound was isolated and identified, 
so that at least a proportion of the soluble derivative was excreted in the form 
of its parent substance. W e have been unable to identify solupyridine and solu- 
thiazole as such in the urine. 

Excretion in man. The rate of excretion and amounts conjugated have been 
studied in twelve patients, and the results are shown in table 5. A high propor- 
tion was eliminated within a very short time, and only a small amount was 
conjugated. Within 12 hours from 40 to 70 per cent was excreted, and the 
concentrations in the urine varied from 240 to 1,170 mg. per 100 cc. 

DiscusstON. The absorption and e.xcretion of the sulphonamides depend on 
a number of factors; amongst these are the solubility of the compounds, the ease 
vith which they are acetylated in the liver, and the solubility of the acetylated 

TABLE 5 

Urinary excretion in man 


a = Percentage of dose excreted 
b = Percentage of dose conjugated 


tlEATUXNT 

PATIENT 

QOUKE 

3 corss 

5 HOOTS 

12 BOOTS 


a 

b 

a 

b 

ft 

b 

a 

b 

S cc. soluthiazole intra- 

■i 

19.9 

1.93 

31.9 

3.15 

51.7 

5.13 

75.4 

9.73 

muscularly 

mm 

10.2 

1.40 

20.2 

2.72 

40.4 

6.62 

77.8 

8.40 

20 cc. soluthiazole intra- 

11 

13.2 


20 6 





■ 

vcnously 

mm 

19.4 

0.68 

31.4 








29.3 

1.49 

53.8 

1.49 






14 

13 5 

0.91 

1G.7 







15 

8,2 

0.19 

21.7 

0.19 




■ 

20 cc. solupyridine intra- 

18 

11 0 

2.07 

16.1 

4.17 

29.5 

5.75 

42.9 


vcnously 

19 

21.7 

0.0 


0.24 

39.7 

0.47 

44.2 



20 

2S.S 

2.40 

39.5 

2.40 

50.5 

3.76 

55.2 

4.7 


21 

14.S 

0.71 

25.3 

1.18 

30.1 

1 81 

42.2 

2.12 


22 

20 0 

2.24 

28.4 

4.60 

35.0 

7. OS 


8.25 


compounds in the urine. A direct relationship between the amount conjugated 
m the blood and that in the urine does not always hold, possibly because of 
rcahsorption of some of the free form from the tubules of the kidney back into 
the blood stream. The solubility in the urine and pH of the urine are important, 
since some acetylated sulphonamides arc more soluble in alkaline urine than in 
water. 

When wc consider the relative absorption and excretion of the parent com- 
pounds, we find that sulphathiazole is more soluble than sulphapyridine, and 
therefore its speed of absorption and excretion is stated to be more rapid (Spink, 
(3)). It is also less prone to acetylation, probably because it remains in the 
bloodstre.am for a shorter time and there is less opportunity for acetylation in the 
lii cr to occur. \\Tth thc.=e new soluble derivatives, we found that the difference 
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between sulphathiazole and sulphapjTidine in the amount conjugated largely 
disappears. Thej' are both quickly absorbed into, the blood, and the amounts 
conjugated are extremely small, considerabls' less than nith the parent com- 
pounds. This was true both in animals and in man. There was no marked 
difference between the two compounds, although differences might become ap- 
parent if a larger series of cases was examined. 

SU.MMAKT 

The absorption and excretion of soluthiazole and solupjiidine have been 
studied in animals and in man, 

\^Tien injected intravenously, subcutaneously or intramuscularly, they provide 
a means of rapidlj"- obtaining a high concentration in the blood, and the peak 
concentration occurred usually within half-an-hour. They are present in the 
blood almost entirely in the free form, very little being conjugated. There was 
little difference between the rates of absorption of soluthiazole and solup 3 ^ridme 
either in animals or in man. The concentration in the cerebrospinal fluid was 
much lower than in blood. 

Excretion in the urine was rapid, and in the series of human cases examined 
from 40 to 75 per cent of the dose was e.vcreted mtbin 12 hours. The amounts 
conjugated were less than 10 per cent. 

We are indebted to Dr. A. H. Harkness, St. Charles’ Hospital, Captain Tn'o- 
hig, R.A.M.C., Miss M. B. Cooper, M.R.C.V.S. and Miss Weddell, M.R.C.V.S., 
for obtaining samples for examination. 
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Since soluthiazole and solupyridine are highly soluble and form almost neutral 
solutions, we thought they should lend themselves to the local treatment of eye 
infections. Their biological properties have been described in a pre\’ious com- 
munication; they have advantages over the sodium salts since, while no less active 
in streptococcal infections, they are better tolerated by local application and are 
even more readily absorbed. The application of the sulphonamides in the treat- 
ment of eye infections has been thoroughly studied by Robson and Scott (1), 
who stated that suitable drugs should ideally comply with the following desid- 
erata; high solubility, non-irritation, neutral solution and ready penetration. 

Experixientaii methods. In the present communication we are concerned 
only Mth Ps. pyocijanea infections, although experiments are in progress with 
pneumococcal and staphylococcal infections, and these will be reported in due 
course. Although p 3 'ocyaneal ulcers are uncommon in man, thej' form experi- 
mentally in animals a readj' means of evaluating the therapeutic effectiveness of 
a drug, and have been used in this waj' bj' Joj' (2), v. Sallmann (3) and Robson 
and Scott (1). IVe followed the technique described by the last authors, with 
the exception that we used guinea pigs instead of rabbits. Having carried out 
experiments with rabbits we wished to widen the investigation bj- employing 
smaller animals. Wc found that the infection could readily and satisfactorilj- be 
produced in the ej’cs of guinea pigs. The ej'c of the guinea pig is probabh' not 
more different from that of man than is the cj'c of the rabbit. 

The ulcere were produced bj' the removal, under anaesthesia, of about 2x2 
mm. of the corneal epithelium and infecting this area with a platinum loopful of 
a fre-rii 18-hour agar slope culture. The soluble sulphonamides were applied 
initially as 20 per cent solutions (of the paient compound); these were then 
diluted as required to 10, 5 and 2.5 per cent solutions. Commencing one hour 
after infection, the solutions were applied as drops instilled into the conjunctival 
'•ac and onto the cornea eveiy two hours, four time'- daih’, for three daj’s. The 
right cj’o was treated, the left ej’e being used as a contiol receiving normal saline 
only. The couree of the infection was verj- similar in the guinea pig to that de- 
wrihed lij- Robson and Scott (1042) for the rabbit. The lesions, however, were 
not permanent and we usually observed spontaneous healing after the first week. 

Uf.suETs. I. pffrcl of t-oluthinzolr, 20^'f-, solupyntlinr 20’fc u'ld fodium siilph- 
ncilatnidr Bolttllitnzolc 20^,}.: .\t 24 houre there was little difference, but 

after a further 24 houre the ulceration wav greatei in the controls than in the 
trc.ited eyes I'oui da.vs aftci discontinuing the applications the treated eyes 
appeared quite cle.-ii and free from any sear, while the untreated c\'cs showed 
nlrer.ition and op.icitie- 


2I'I 
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Sohipyridine 20%: The effect was similar to that for soluthiazole. Four days 
after treatment the eyes appeared normal, while the controls showed small 
ulcers and opacities. 

Sodium sulphacetamide 30%: This treatment was similarly effective. 

II. Effect of soluthiazole 10% and sohipyridine 10%o- After 24 hours all animals 
showed ulcers and small opacities of varying densities. When the drops had 
been discontinued for three days the treated e.yes all showed improvement, while 
the controls showed severe ulceration. Three days later the treated eyes had 
almost healed (fig. 1). There was no difference in the effects produced by the 
two compounds, and the.v were as effective in a 10% as in a 20% concentration. 



Fir. 1 I’yocy>lNem. ConsEM. Ulcers in Guiney Pigs 

Top; right, control infected eye after 6 days; left, treatment with soluthiazole OOp'' 
Bottom; right, control infected ejV after 0 days; left, treatment with sohipyridine (10 cl- 

III. Effect of soluthiazole and sohipyridine, 10%, 5% and 2.5%. Since t'C 
could not discern any marked difference between the effects of soluthiazole and 
soltipyridine, descriptions given of the various treatments apply to both com- 
pounds. 

Soluthiazole or sohipyridine 10%,: 24 lioure after treatment there wasgreater 
ulceration in the control than in the treated eyes. At 48 hours the ulceration and 
opacity' in the treated eyes were only slight compared with the controls. At six 
days slight ulceration was still present, but at eight davs the ulcere had heale 
leaving only a slight corneal opacity. 

Soluthiazole or sotupyruhni 5%: At 24 houre there was no difference. At 
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hours the ulceration was smaller in the treated eyes. Three days after treatment 
the same diSerence was noticeable, and throughout the ulceration was slightly 
less than in the controls. 

Soluthiazole or solupyridine 8.6%: This treatment was ineffective. 
Discussion. We have demonstrated that soluthiazole and solupyridine are 
effective in pyocyaneal infections of the cornea. This is due presumably to the 
application of a high concentration with ready penetration, and is achieved with- 
out the irritation caused by solutions of the sodium salts. Repeated applications 
of 10 and 20 per cent solutions to uninfected eyes caused no damage to the con- 
junctiva or comeal tissues. It does not necessarily follow that the human eye 
would react in the same way, and in some preliminary clinical trials it has been 
found that the 10 per cent solutions are tolerated in the eyes of newborn infants, 
while in some cases the 20 per cent solutions cause irritation. This is, however, 
probably enhanced by the absence of tears from infants’ eyes, and concentrations 
greater than 10 per cent might be tolerated by the adult eye. In any case, as 
far as experimental pyocyaneal infections are concerned, a concentration of 10 
per cent (of the parent compound) is quite effective. We were interested in the 
fact that Ps. pyocyanea both in in vitro experiments and in wounds other than 
those of the eye shows little response to sulphonamide dmgs, and the reason 
which appears to us most probable for the activity of these compounds against 
pyocyaneal infections of the eye is that there is little accumulation of pus. It 
remains to be determined how active these compounds are in other infections of- 
the eye. We note that Robson and Scott (1) have tried another soluble deriva- 
tive, sulphathiazole sodium formaldehyde sulphoxylate, in staphylococcal infec- 
tions, surprisingly without effect. There appears, nevertheless, room for the 
clinical use of neutral soluble sulphonamides, and Dickson (4) has already found 
that the institution of 10 per cent sodium sulphacetamide as a first aid measure 
produced a marked reduction in the incidence of comeal ulcers in miners. 

SUMSIARY 

Soluthiazole and solupyridine are effective against pyocyaneal comeal ulcers 
in guinea pigs. The minimal effective concentration is 5 to 10 per cent (of the 
parent compound), which is non-irritant. 

It is a pleasure to record our appreciation to Dr. H. Wyers and Dr. R. J. 
Eadie for their help in some experiments, and to Mr. W. E. H. Rawles for the 
photographs. 
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In a previous studj' of the detoxication of neoarsphenamine by means of or- 
ganic acids (1) it was suggested that the organic acid (i.e., usuallj’- ascorbic acid) 
may act a) by preventing or retarding the formation from neoarsphenamihe of 
the much more toxic arsenoxide, or b) by peptizing colloidal neoarsphenanune. 
Rodman and Wright (2) have shown that the colloidal fractions of neoarsphena- 
mine are about ten times as toxic as the whole drug. However, they have also 
shown that the amount of colloidal material present in the usual commercial 
sample is quite small, and its removal or peptization would cause a decrease in 
toxicity of only 10 to 15 per cent, while ascorbic acid is capable of decreasing the 
toxicity by about 50 per cent (1). A third possibility is suggested by the work of 
Probey, et al. (3). They have pointed out that onlj' a part of the toxicity of 
neoarsphenamine is inherent in its arsenic content, and the remainder is due to 
the presence of the o-aminophenol groups. In other words, the possibility must 
also be considered that ascrobic acid acts by protecting these groups from oxida- 
tion. 

The answer to these questions is of some importance since, if ascorbic acid does 
act by interfering nith the conversion of neoarsphenamine to arsenoxide, it might 
also diminish the effectiveness of the drug. On the other hand, ascorbic acid 
might alter the rate, or to some e,xtent the site, at which arsenoxide is formed 
without affecting the total amount eventiialb’^ formed, or the efficiency of the 
drug. Such reports as are available (1, 4, 5) indicate that ascorbic acid does not 
decrease the therapeutic effectiveness of neoarsphenamine. 

In the study of these problems, use has been made of both chemical and bio- 
logical methods. The first concerns the chemical reactions of the drug, particu- 
larly its behavior on oxidation. Tlie purpose has been to see whether ascorbic 
acid influences the rate of oxidation of neoarsphenamine by air, or alters the 
course of the reaction in any way. The biological approach has involved: a; 
a study of the effectiveness of ascorbic acid when given in different quantities, 
and at different times with respect to the arsenical, vdth the object of deterrmnmg 
the probable site of the detoxication process (whether in the blood stream, or m 
the tissues where neoarsphenamine is temporarily stored), and b) a study of the 
effect of ascorbic acid on the retention of arsenic in the tissues. 

The extreme susceptibility of neoarsphenamine to o.xidation is well knoim. 
It is generally supposed that the path of o.xidation, both in vitro and tn vivo is as 
follows : neoarsphenamine — > arsenoxide — » arsonic acid —r arsenic acid -|- aro- 
matic residue. It is reasonable to suppose that ascorbic acid, since it is a 
reducing agent, would retard the oxidative breakdown of neoarsphenamine to 
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arsenoxide, at least to some extent. However, the chemical reactivity of ascor- 
bic acid, in the absence of the proper catalysts, is low (6), and, depending on the 
conditions, it mi^t be entirely without effect on this process. The most direct 
approach to the problem would be to study the effect of ascorbic acid on solutions 
of neoarsphenamine imdergoing oxidation by air. In order to do this it is neces- 
sarj^ to be able to analyze solutions which contain any or all of the following: 
neoarsphenamine, 'arseno.xide, arseno.xide N-methanal sodium sulfonate, and 
arsonic, ascorbic, and dehydroascorbic acids. Rosenthal’s method (7) has been 
generally used in the past for the determination of arsenoxide in arsenical solu- 
tions. His procedure has not seemed satisfactory for these experiments because 
the color reaction is given by whatever compounds in the mixture contain the 
o-aminophenol group, and also because the color reagent is reduced by ascorbic 
acid. Consequently, a different approach involving a new precipitating agent for 
neoarsphenamine has been used. 

Chemical study of oxygenated neoarsphenamine solutions. Since several of the 
substances mentioned as possibly occurring in the mixtures to be analyzed can be 
distinguished only by means of their behavior toward oxidizing agents, it is neces- 
sarj' that at least one of them be removed quantitatively, or nearly so; otherwise 
the problem is too complex for solution. The reagent which has been used in this 
work for the precipitation of neoarsphenamine is the synthetic detergent, cetyl 
pyridiniura chloride.' In dilute alcohol this reagent precipitates neoarsphena- 
mine in a yellow granular form, and nearly quantitatively. 

The analysis of the various mixtures described below has been carried out 
cliiefly by means of iodine titrations. The reactions of the arsenicals with iodine 
have been studied previously (8, 9) but primarily as a means of determining their 
arsenic content: the reactions are nearly stoichiometric. The procedures and 
results of typical analyses are given below. 

PnocEDunE. To 5 cc. of n 1.59o ncoaraphcnamine solution was added 5 cc. of 10% aque* 
ous sodium acetate, 0.2 cc. of 1% starch solution, and 5 cc. of glacial acetic acid. The 
resulting solution was titrated with 0.1 N iodine until the addition of 2or3 drops gave a blue 
color which persisted for at least 5 seconds. For the sample used (arsenic content 20.0% 
750 gm. equals one mole) the titer was 10.4-10.6cc.,oranc.xccS3 of 0.4-0.6 cc. over the theoret- 
ical value of 10.0. This end point is not entirely satisfactorj’, particularly in the case of 
aged solutions, as it fades rather rapidli-, but in the case of the other arsenicals studied the 
values obtained arc very close to the theoretical (± 3%) and the end points are more stable. 
The v.ilucs (as equivalents of iodine per mole) are: sulfnrsphenamine, 8 Oj arsphenamine, 
8 0; Glyvarsenyl (3,4'-dincetylnniino d-hydrexj-arseno-benzenc 2' sodium glycolate), 8.0; 
phcnarsinc’ (3-amina •5-hydroj.wphcnyl dicUlorarsinc hydrochloride), 2.0; and 3-aniino 
4-hydro\y phcnyl.arsonic acid, 0 0. Under these conditions ascorbic acid requires two 
equivalents of iodine per mole, and deliydro.ascorbic, by definition, none. 

.Volutions of neoarsphenamine were not completely precipitated by cetyl pyridinium 
chloride, but the residue was sufficiently small to make the desired analyses possible. To 

'Manufactured by the Ednal Labor.atones, Chicago, 111. The author is indebted to 
Mr. Morns Auerbach of the Wmthrop Laboratories for having suggested the possibilities of 
this compound 

•Itrcently the names dichlorophcnarsine and otophcmrsinc are to some extent being 
substituted for phcnar"ine and arsenoxide, respecli\*cly. 
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10 CO. of a 1.5% solution of neoaraphenamine was added 10 cc. of a 4% solution of cetyl 
pyridinium chloride in 60% ethyl alcohol. After standing several minutes in a stoppered 
container, the solution was filtered through a No. 1 Whatman paper. The filtrate was, on 
some occasions, slightly cloudy, but could be clarified by returning to the filter several 
times. An aliquot of 10 cc. was taken for analysis; a few cc. of glacial acetic acid were 
added, then 0.1 N iodine was run in a few drops at a time until a yellow color, stable for at 
least 30 seconds, was obtained. (Note: An excess of iodine reacts with the excess of pre- 
cipitating agent to give a yellow product, which thus serves as a satisfactory indicator.) 
The value obtained was a 0.50 cc. of 0.1 N iodine, or about 5% of the amount required for 
the neoarsphenamine originally taken. This value is due to a small residue of unprecipi- 
tated arsenical, since it is constant for the given conditions, providing the amount of neoars- 
phenamine taken for analysis does not exceed the combining power of the'precipitant; m 
this particular case a two-fold excess of precipitating agent is used. 

Arsenoxide N-methanal sodium sulfonate should also be precipitated under the con- 
ditions described above since its sodium ion would be replaced by the quarternary am- 
monium ion.* This compound is undoubtedly the one which would be formed during the 
oxidation of neoarsphenamine, rather than arsenoxide N-methanal sodium sulfoxylate, 
since the redox potential of the sulfoxylate group is less than that of the arsenobeniene 
linkage (see table 4). However, 3-amino, 4-hydroxy phenylarsonic acid is not precipitated 
under the given conditions. 

Neoarsphenamine was separated from arsenoxide as follows: In a 100 cc. graduated cyl- 
inder was measured 1.00 gm. each of neoarsphenamine and phenarsine, 870 mgm. of sodium 
bicarbonate, and water to 100 cc. Of this solution, 5 cc. required 9.8 cc. of 0.1 N iodine 
when titrated in sodium acetate-acetic acid; theory 10.1 cc. The precipitation was now 
carried out with cetyl pyridinium chloride as described above. A 10 cc. aliquot of the 
filtrate required 4.2 cc. of 0.1 N iodine as against 3.45 cc. which would be required for the 
arsenoxide atone. The difference between the theoretical value and that actually obtained 
is nearly the same as the blank value found with neoarsphenamine alone (0.5 cc. for 10 cc. of 


the filtrate). 

A mixture containing neoaraphenamine, arsenoxide, and ascorbic acid was analyzed in 
the following way: A stock solution was prepared which contained, per cc., 10 mg. each of 
neoarsphenamine, phenarsine, and ascorbic acid, with sufficient bicarbonate to bring the 
mixture to neutrality. Of this solution, 5 cc. when titrated with 0.1 N iodine in sodium 
acetate-acetic acid required 15.8 cc., the same as the theoretical value. (When a consid- 
erable amount of ascorbic acid is present the end points are more precise.) After precipi" 
tation with cetyl pyridinium chloride, 10 cc. of the filtrate required 9.95 cc. of 0.1 N iodine to 
the yellow end point. The theoretical value (combining power of the arsenoxide plus 
ascorbic acid) is 9.15 cc. Again, if one subtracts the usual blank value of 0.5 cc. for unprc- 


cipitated neoarsphenamine, the two figures are brought into substantial agreement. 

The partition between arsenoxide and ascorbic acid may' now be determined by an anal- 
ysis of the filtrate for arsenic. (Note: In the experiments which were subsequently run 
the arsenic in the filtrate was likely to consist only of unprecipitated neoarsphenamine an 
arsenoxide, or at least of arsenic in the form R-As = 0, since only prolonged aeration wi 
cause the formation of arsonic acid from arseno.xide (see table 3). It is further unlikely 
that any arsonic acid would be formed in the presence of unchanged neoarsphenamine.) 


’ In order to study this point a solution of the compound in question was prepared by 
dissolving 600 mgm. of sulfarsphenamine (arsenic content, 21.5%) in 25 cc. of water, adding 
34.5 cc. of 0.1 N iodine, enough bicarbonate to bring the solution to neutrality, and water 
to 65 cc. Of this solution, 5 cc. should contain 41.3 mgm. of arsenoxide N-methanal so mm 
sulfonate. The iodine titration for 5 cc. was 5.55 cc. of 0.05 N; theory 5.30. 
cipitation with cetyl pyridinium chloride the iodine titration for 5 cc. was 1.0 cc. of 0. • 

This indicates that about 80% of the compound was precipitated, or that 8 mgm. reraame 
in solution. 
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A 20 cc. portion of the filtrate, prepared from the solution described immediately above, 
was taken for analysis for arsenic. The alcohol was first boiled off; about 1 cc. of concen- 
trated sulfuric acid was added, followed by 2.6 gm. of powdered potassium permanganate 
in small portions. From this point on the procedure was identical with that given in U.S.P . 
XII. The final titration was made on a 20 cc. aliquot with a microburette, using 0.1 N 
thiosulfate, and 7.2 cc. was required. The blank value for the reagents used in the arsenic 
determination was 0.4 cc., leaving 6.8 cc. for 20 cc., or 3.4 cc. for a 10 cc. portion of filtrate. 
Subtraction of the usual neoarsphenamine blank leaves 2.9 cc. for the arsenoxide in the 
filtrate. The theoretical value is 3.45 cc., indicating a recovery of 82%. This method of 
analysis is, therefore, not very exact, but is capable of revealing the presence of significant 
amounts of arsenoxide in neoarsphenamine filtrates, or an increase in the amount of arse- 
noxide on exposure to air. 

TABLE 1 


Results of exposure to air of solutions of neoarsphenamine with and without 
ascorbic acid 


SOLTmON 

TIUE or 
EXPOSUBC 

TOTAl. lODIKE 
EQtnVAI^NT* 

1 

lODlKE EQUIVA- 
LENT or ASSEN- 
OXIDE PLUS 

1 ASCOltStC ACmt 

IODINE EQDlVA- 
1 LENT or 

1 ABSENOXlPEf 

TonetTY or 
solutionJ 

LDto ^ 5.E.S 


1 





A. 1 cc. = 15 mgm. neo- 

0 

10.3 

0 

0 

418 ±11 

arsphenamine 

! 1 

10.0 

0.70 

0 



2 

8.5 

0.90 

0.15 



3 

7.0 

0.80 

0.20 



4 

6.0 

I 

0.80 

0.40 

155 ±15 

B. 1 cc. ■= 11.25 mgm. 

Mi 

10.5 

2.40 

0 

600 ±25 

neoarsphenamine 


10.1 

2.90 

0 


plus 4.4 mgm. as- 


8.7 

3.00 

0 


corbie acid 


7.5 

2.70 

0.10 



■■ 

6.9 

2.80 

0.25 

190 ± 8 


• All iodine equivalents are given in terms of cc. of 0.1 N solution required for a 5 cc. 
aliquot of the original solution or a 10 cc. aliquot of the filtrate. 

t The neoarsphenamine blank value of 0.5 cc. for 10 cc. of filtrate has been subtracted in 
all cases. 

t As mgm./kgm. of neoarsphenamine. 

5 Standard error, estimated graphically (sec Miller, L. C., and Taintcr, M. L., Proc. 
Soc. Exp. Biol, and Med., 67: 261, 1944). 

The effect of atmospheric oxygen on solutions containing neoarsphenamine and neo- 
arsphenamme plus ascorbic .acid n as now studied by allowing the two solutions to stand in 
the dark, but open to the air. Aliquots were analyzed at daily intervals by the method, 
already described Solution A contained 750 mgm. of neoarsphenamine in 50 cc. of waters 
Polution B contained 562 mgm. of neoarsphenamine, 220 mgm. of ascorbic acid, and 15S 
mgm. of sodium bicarbonate in 50 cc. Solution B was thus made up so that the total com- 
bining power tor iodine would be the same as for (.V) but exactly onc-fourth of thcncoars- 
phcnaniino would be replaced by ascorbic acid. The results arc given in table 1. 

The tlnt.i in table 1 may be interprctcii ns follow.s: The total oxygen uptake, 
n.s indicated by the decre.ve in iodine titmtion, is almost in direct proportion to 
the ncoarsphentimine eontent. From this it would be inferred that the ascorbic 
acid probably undergoet. no cimngc. The constancy of the [.ascorbic acid plus 
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arsenoxide] fraction of Solution B points to the same conclusion. The possibility 
cannot be entirely eliminated that the ascorbic acid undergoes some change since 
it is knonm (10) that deliydroascorbic acid is very unstable above pH 5 
and changes over rapidly to a substance more strongly' reducing than ascorbic 
acid itself, but it would be more logical to assume that there is no change. 

The amount of arsenoxide formed in both solutions is surprisingly small, and 
does not account for tlie total decrease in iodine equivalent, but it could account 
for the increase in toxicity'.* Since botli solutions darkened considerably', it seems 
evident that the oxidative change involved primarily the o-aminophenol groups. 

The neoarsphenamine solution was, as would be expected, always more to.dc 
than the neoarsphenamine nith ascorbic acid. However, the rdatii'C increase 
in toxicity of both solutions with time was practically' the same. The ascorbic 
acid may be considered as functioning in one of two way's: 1) by' delaying chemi- 
cal changes in the arsenical during the oxy'genation, and, possibly more im- 
portant, 2) by detoxify'ing in vivo the unchanged neoarsphenamine which remains 
after the oxygenation. The following experiment was set up to investigate this 
question. 

Solution C was made up to contain 1500 mgm. of neoarsphenamine in 50 cc. of water. 
Solution D contained the s.ome amount of neoarephenamine plus 375 mgm. of ascorbic acid 
and 300 mgm. of sodium bicarbonate. The solutions were left open to the air at 37®C. for 
three days, then the same quantities of ascorbic acid and bicarbonate were added to solution 
C, after which both were diluted to 75 cc. for analysis. They were also tested for toxicity 
in the albino rat, with the results gix-en in table 2. 

The data demonstrate once more the fact that the amount of arsenoxide formed 
during the oxy'genation of neoarsphenamine is surprisingly' small and that the 
ascorbic acid, when present, seems to remain unchanged. The principal change 
of the solutions was a darkening, both finally absorbing about S times as much 
light as a fresh neoarsphenamine solution of the same concentration when meas- 
ured in a photoelectric colorimeter with filter S54. The color change in solution 
ID was somewhat delayed, but it finally- had a deeper color. Solution B was, if 
any'thing, slightly' more toxic than C, demonstrating that the presence of ascorbic 
acid during the time of exposure to air did not prevent the chemical changes wliich 
result in an increase in toxicity'. Therefore, an aged neoarsphenamine-ascorbic 
acid solution is less toxic than an equally' aged neoarsphenamine solution simpb 
because it was less toxic at the outset. 

It is difficult to say' in the case of neoarsphenamine whether the increase in 

•The LDso of neoarsphenamine (whole drug) is usually about 400 mgmVkgm., or 2^ 
mgm./kgm. of pure drug since approximately 40% of NaCl is added to the commercial 
product. The LDi, of arsenoxide is 14 mgm./kgm. (computed from phenarsine whose 
is 20 mgm.Agm.,* and the conversion factor of phenarsine to arsenoxide is 0.69). H 
assumed that the molar toxicity of arsenoxide and of the X-substituted compound is toe 
same, the approximate toxicity at any stage of the breakdown of neoarsphenamine to arse- 
noxide may be calculated. An LDs of 155 mgm./kgm. corresponds approximately to 
a 12% breakdown. This is of the right order of magnitude for the amount of arsenoxide 
found, but the decrease in total iodine equix-alent at this point would indicate a much more 
extensive breakdo^Ti. 



DETOXICATION OF AHSPHENAMINES 


227 


toxicity on exposure to air is due to breakdoivn to arsenoxide, or to oxidation of 
o-aminopbenol groups, or both, since the process of oxidation is evidently 
complex. Whether the oxidation of o-aminophenol groups actually results in an 
increase in toxicity is more clearly seen in the case of arsenoxide itself, a 
compound of relatively simple structure; an oxidation of the As' ’ ’ to As' ' ' ' ' is 
known to decrease the toxicity of the compound. A study of the behavior of 
arsenoxide on oxygenation was therefore carried out, both in the presence and 
absence of ascorbic acid. 

Solution P contained 500 mgm. of phenarsine and 435 mgm. of sodium bicarbonate in 
100 cc. Solution PA contained 500 mgm. of phenarsine, 300 mgm. of ascorbic acid, and 

TABLE 2 


Chemical analysis and toxicity of solutions of neoarsphenamine and of neoarsphenamine plus 
ascorbic acid, aged three days 


SOtCIIOV 

OUCIKAT COlfPOSITION 

toit 

SOtUTiOH 

lODP^E 

1 TiTr»t 

1 riLTSATE 

AXSEVlCt 

1 

Toxicixy 

Bose, 
mgra /kgm 
neoarspheD' 
amine 

Mortality 

c 

1500 mgm. neoarsphenamine 

11.4 


0.18 

150 

0/5 


in 75 cc.* 




225 

3/5 


1 

1 

i 

■1 


300 

4/5 

D 

1500 mgm. neoarsphenamine. 

10.0 

3.0§ 

0.30 

150 

0/5 


375 mgm. of ascorbic acid 




225 I 

4/5 


and 300 mgm. bicarbonate 




300 

6/6 


in 75 cc. 







* Same quantities of ascorbic acid and bicarbonate as in Solution D were added after 
aging, before the analyses were made. 

t All figures given are as cc of 0 1 N iodine required for 5 cc. of the solution, or 10 cc. of 
the filtrate after precipitation with cetylpjTidinium chloride. Neoarsphenamine blank 
value of 0.5 cc. subtracted. 

1 For 10 cc. of filtrate, using U.S.P. XII method, and subtracting 0.5 cc. blank for un- 
prccipitatcd neoarsphenamine. 

5 Theoretical value for the ascorbic acid alone, if unchanged, 2 84 cc. 

C55 mgm. sodium bicarbonate in 100 cc. Both solutions were neutral to litmus. They 
w ere exposed to the air and samples w ere titrated at intervals with iodine in sodium acetate- 
acetic acid solution The solutions were also tested at intervals for toxicity' in the albino 
rat. The results are given in table 3. 

Tins experiment demonstrates two significant points. In solution P two sepa- 
rate .types of oxidation were going fonxard. Tliere was oxidation of o-amino- 
phenol groups, as evidenced by the darkening of the solution, and there was oxida- 
tion of to As++++'‘, as evidenced by the decrease in iodine titer. However, 
there was a latent period of two days in which no change took place in the valence 
of arsenic, then during the next tliree days there was a marked change. In solu- 
tion PA there was also little change in titer during the first two days, but a rapid 
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arsenoxide] fraction of Solution B points to the same conclusion. The possibility 
cannot be entirely eliminated that the ascorbic acid undergoes some change since 
it is known (10) that dehydroascorbic acid is very unstable above pH 5 
and changes over rapidly to a substance more strongly reducing than ascorbic 
acid itself, but it would be more logical to assume that there is no change. 

The amount of arsenoxide formed in both solutions is surprisingly small, and 
does not account for the total decrease in iodine equivalent, but it could account 
for the increase in toxicity.'* Since both solutions darkened considerably, it seems 
evident that the oxidative change involved primarily the o-aminophenol groups. 

The neoarsphenamine solution was, as would be expected, always more toxic 
than the neoarsphenamine nith ascorbic acid. However, the relative increase 
in to.xicity of both solutions nith time was practically the same. The ascorbic 
acid may be considered as functioning in one of two ways: 1) by delaying chemi- 
cal changes in the arsenical during the oxygenation, and, possibly more im- 
portant, 2) by detoxifying in vivo the unchanged neoarsphenamine which remains 
after the oxygenation. The following experiment -w'as set up to investigate this 
question. 

Solution C was made up to contain 1500 mgm. of neoarsphenamine in SO cc. of water. 
Solution D contained the same amount of neoarsphenamine plus 375 mgm. of ascorbic acid 
and 300 mgm. of sodium bicarbonate. The solutions were left open to the air at 37'C. for 
three days, then the same quantities of ascorbic acid and bicarbonate were added to solution 
C, after which both were diluted to 75 cc. for analysis. They were also tested for toxicity 
in the albino rat, with the results given in table 2. 

The data demonstrate once more the fact that the amount of arseno.xide formed 
during the oxygenation of neoarsphenamine is surprisingly small and that the 
ascorbic acid, when present, seems to remain unchanged. The principal change 
of the solutions was a darkening, both finally absorbing about 8 times as much 
light as a fresh neoarsphenamine solution of the same concentration when meas- 
ured in a photoelectric colorimeter with filter S54. The color change in solution 
D was somewhat delayed, but it finally' had a deeper color. Solution D ■>vas, if 
anything, slightly more toxic than C, demonstrating that the presence of ascorbic 
acid during the time of exposure to air did not prevent the chemical changes which 
result in an increase in toxicity. Therefore, an aged neoarsphenamine-ascorbic 
acid solution is less toxic than an equally aged neoarsphenamine solution simpb' 
because it was less toxic at the outset. 

It is difficult to say in the case of neoarsphenamine whether the increase in 

*The LDso of neoarsphenamine (w'hole drug) is usually about 400 mgm./kgm., or 240 
mgm./kgm. of pure drug since approximately 40% of NaCl is added to the commercial 
product. The LDso of arsenoxide is 14 mgm./kgm. (computed from phenarsine w'hose LDso 
is 20 mgm./kgm.,' and the conversion factor of phenarsine to arsenoxide is 0.69). If it i® 
assumed that the molar toxicity of arsenoxide and of the N-substituted compound is the 
same, the approximate toxicity at any stage of the breakdown of neoarsphenamine to arse- 
Boxide may be calculated. An LDm of 155 mgm./kgm. corresponds approximately to 
a 12% breakdown. This is of the right order of magnitude for the amount of arsenoxide 
found, but the decrease in total iodine equivalent at this point would indicate a much more 
extensive breakdown. 
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toxicity on exposure to air is due to breakdo^vn to arsenoxide, or to oxidation of 
o-aminophenol groups, or both, since the process of oxidation is evidently 
complex. Whether the oxidation of o-aminophenol groups actually results in an 
increase in toxicity is more clearly seen in the case of arsenoxide itself, a 
compound of relatively simple structure; an oxidation of the As"*^ to As' ' ' ' ' is 
knowm to decrease the toxicity of the compound. A study of the behavior of 
arsenoxide on oxygenation was therefore carried out, both in the presence and 
absence of ascorbic acid. 

Solution P contained SOO mgm. of phenarsine and 435 mgm. of sodium bicarbonate in 
100 cc. Solution PA contained 500 mgm. of phenarsine, 300 mgm. of ascorbic acid, and 

TABLE 2 


Chemical analyst's and toxicity of solutions of neoarsphenamine and of neoarsphenamine plus 
ascorbic acid, aged three days 


SOLUTION 

OKIGINAL COMPOSITION 

TOU 

SOLUTION 

IODINE 
TlTEEf FOR 
FILTRATE 

1 

TOR 

ARSENlCt 

Toxicnv 

Dose, 
mgin /kgm 
neoarsphen* 
arame 

Mortality 

C 

1500 mgm. neoarsphenamine 

11.4 

mm 

0.18 

150 

0/5 


in 75 cc.* 


■■ 


225 

3/5 




■I 

i 

i 

300 

4/5 

D 

1 

1500 mgm. neoarsphenamine, ' 

10.0 

3.0§ * 

0.30 

150 * 

0/5 


375 mgm. of ascorbic acid 




225 

4/5 


and 300 mgm. bicarbonate 




300 

6/6 


in 75 CO. 







* Same quantities of ascorbic acid and bicarbonate as in Solution D were added after 
aging, before the analyses were made. 

t All figures given are as co. of 0.1 N iodine required for 5 cc. of the solution, or 10 cc. of 
the filtrate after precipitation with cetylpyridinium chloride. Neoarsphenamine blank 
value of 0.6 cc. subtracted. 

t For 10 cc. of filtrate, using U.S.P. XII method, and subtracting 0.5 cc. blank for un- 
precipitated neoarsphenamine. 

§ Theoretical value for the ascorbic acid alone, if unchanged, 2.84 cc. 

055 mgm. sodium bicarbonate in 100 cc. Both solutions were neutral to litmus. They 
were exposed to the air and samples v. ere titrated at intervals with iodine in sodium acetate- 
acetic acid solution. The solutions were also tested at intervals for toxicity in the albino 
rat. The results are givon in table 3. 

This experiment demonstrates two significant points. In solution P two sepa- 
rate .types of oxidation were going forward. There was oxidation of o-amino- 
phenol groups, as evidenced by the darkening of the solution, and there was oxida- 
tion of As+++ to As+++++, as evidenced by the decrease in iodine titer. However, 
there was a latent period of two days in which no change took place in the valence 
of arsenic, then during the next three das’s there was a marked change. In solu- 
tion PA there was also little change in titer during the first two days, but a rapid 
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change from the third to the fifth day. In solution PA there was never much 
color change, indicating that the ascorbic acid was protecting the o-aminophenol 
groups from oxidation. 

There was little difference in the toxicity of the two solutions when freshlj' pre- 
pared (see also footnote 4). During the first two days there was an increase in 
the toxicity of solution P, coinciding with the period during which oxidation of 
o-aminophenol groups was occurring. During the next three days there was a 
decrease in to.xicity, coincident with the oxidation of the arsenic. However, it 
must be stated that the extent of change from As+++ to As' ' would not ac- 
count quantitatively for the observed decrease in toxicity, in spite of the fact 
that arsonic acid is much less toxic than arsenoxide. 

TABLE 3 


The effect of exposure to air on solutions of phenarsine and of phenarsine plus ascorbic acid 


COMPOSITION OF SOtUTION 

TIME OF EJCPOSUEE 

TOTAE IODINE EQUIVALENT* 

TOXICITY LDjs ± S^.5 


days 



0.5% phenarsine 

0 

8.67t 

19.3 ±1.60 


1 

8.76 

— 


2 

8.66 

15.3 ±0.71 


3 

8.33 



5 

7.60 

20.5 ±1.15 

0.5% phenarsine, 0.3% 

0 

17.30J 

18.0 ±0.73 

ascorbic acid 

1 

16.80 

— 


2 

16.75 

19.0 ±0.75 


3 

16.20 

— 


5 

14.30 

23.4 ±1.35 


• As cc. of 0.1 N iodine required for 5 cc. of solution. 

t Theory, 8.65 cc. 

J Theory, 17.18 cc. 

§ As mgm./kgm. of phenarsine standard error (estimated graphically). 

In solution PA there was no change in toxicity during the “latent” period of the 
first two days, but there was a significant decrease in toxicity during the third to 
fifth days. Here the change in the valence of the arsenic, as revealed bj' titra- 
tion, is sufficient to account for the decrease in toxicity. (It is assumed that 
the ascorbic acid underwent no change; no reasonable interpretation of the re- 
sults is possible otherwise.) 

Discoloration of arsenical solutions as an indication of increased toxicity. Bun- 
desen et al. (1 1) have shown thatsolutions of neoarsphenamine and Mapharsen can 
be prevented from darkening on exposure to air if sufficient ascorbic acid is pres- 
ent. In the present -work it has also been found that 1% neutral solutions, or 
suspensions, of phenarsine, 3-amino 4-hydroxj'phenylarsonic acid, arsphenamine, 
and o-aminophenol darken on exposure to air for a day or more. These same 
solutions do not darken even in the course of a week if an equal weight of sodium 
ascorbate is present. Solutions of sulfarsphenamine and Glyvarsenyl do not 
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darken noticeably either in the presence or absence of ascorbic acid. Ascorbic 
acid does not decrease appreciably the toxicity of phenarsine,^ or of sulfarsphena- 
mine,‘ but it does decrease the toxicity of neoarsphenamine, arsphenamine,’ and 
Gly^'arsenyl (1). It is, therefore, apparent that the effect of sodium ascorbate 
in decreasing the toxicity of certain arsenicals is not necessarily related to its 
property of preventing them from darkening on exposure to air. In general, how- 
ever, ascorbic acid decreases the toxicity of the preparations which are the most 
unstable toward oxidation and has little effect on the stable preparations. Gly- 
varsenyl and phenarsine are exceptions to this generalization. The latter excep- 
tion may be explained on the basis that although phenarsine can and does undergo 
oxidation of the o-aminophenol group, more prolonged treatment is required to 
cause this oxidation to occur extensively than in the case of neoarsphenamine® 
or arsphenamine. Furthermore, the oxidation of As+++ to As' ' ' ' ' which occurs 
at the same time decreases the toxicity. No explanation of the behavior of Gly- 
vaisenyl is apparent at this time. . 

Oxidation-reduction potentials of significant systems of arsenical compounds. 
The relationship of ascorbic acid to the oxidation of the arsenical compounds in 
the blood stream may also be studied by means of oxidation-reduction potentials. 
The potentials of many systems important to this study have already been deter- 
mined, but those of the various stages of the oxidation of the arsphenamines do 
not seem to have been reported. The procedures used were as follows: 

Quantities of the two components of the system were taken so that each would contribute 
25 mgm. of arsenic. These were dissolved in about 75 cc. of oxygen-free water, with the 
help of bicarbonate, if necessary. Concentrated HCl, 8 5 cc., was then added and the 
solution was diluted to 100 cc. This makes a solution containing an equal number of 
equivalents of the oxidized and reduced form, and normal in hydrogen-ions. In cases 
where precipitation occurred on acidification, the quantities of both components were 
reduced equally until a point was reached at which no precipitation occurred. The solution 
was poured into a beaker, covered at once with mineral oil, and its potential was read on a 
Beckman electrometer. The electrodes used for this purpose consisted of one gold-plated 
platinum electrode and a normal calomel electrode. There was usually a rather rapid 
drift to an equilibrium value, which was reached after one or two minutes. After correction 


‘The LDio of phenarsine determined with groups of 10 rats to a dose was 20 mgm./kgm. 
The LDk of phenarsine plus ascorbic acid determined with groups of 5 rats to a dose was as 
follows (with sodium ascorbate added in the molar ratios indicated) : 1 mole per mole phen- 
arsine, 21 mgm/kgm ; 3 moles per mole phenarsine, 22 mgm./kgm.; 6 moles per mole phen- 
arsine, 26 mgm./kgm. Similarly, the LDso of phenarsine with sodium isoascorbate added 
in the ratios of 1 , 3, or 6 moles per mole of phenarsine was 18 mgm./kgm. It is not clear why 
the ascorbate and isoascorbate should not give identical results. 

• The LDm of the arsenical ns determined with groups of 15-20 rats to a dose was 590 rfc 20 
mgm./kgm. With 120 mgm. ascorbic acid (as the sodium salt) added, the LDm determined 
with groups of 10 rats to a dose was 625 ± 16 mgm./kgm. 

’The LDm of the arsenical as determined with groups of 15-20 rats to a dose was 190 ± 5 
mgm./kgm. With 100 mgm. of ascorbic acid added (as the sodium salt), a dose of 200 
mgm./kgm. killed 2/10 and the LDm v as greater than 240 mgm./kgm. 

•The passage of a rapid current of air through a neutral solution of phenarsine for 2-3 
hours causes only a slight discoloration, while neoarsphenamine undergoing the same 
treatment becomes quite dark. 
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for the potential of the calomel electrode (— 0.24Sv.), the Eo could be taken simply as the 
potential difference, since there were present an equal number of equivalents of the oxidized 
and reduced forms, in normal acid solution. The readings were made at room temperature 
(22°C.) and the results are given in table 4. 

It is clear that the arsenicals would be most likely to oxidize while being trans- 
ported in the blood stream. While they are stored in the liver or kidney they 
should remain unchanged. It does not appear from the data that the oxidation 
potential of blood is high enough to cause the oxidation of o-aminophenol groups. 
However, it has already been shown that even atmospheric oxj'gen is capable of 
causing this change to occur. The presence of an excess of ascorbic acid would be 


TABLE 4 

Oxidation-reduction potentials of some systems of interest in the arsenical series 


SYsmu 

Eo 

rH' 


-bO.310 V. 

-1-0.378 V. 

-hO.SSO V. 

-1-0.390 V. 

-f0.390 V. (13) 
-hO.428 V. 

-hO.SSO V. 

EJ = 0.200 V. (14) 

-f 0.790 V. (15) 

2.4 (12) 
3.1-6.4 (12) 

10.3 

12.6 

12.7 

13.0 

13.0 

14.3 

19.3 

21.5 

26.3 





Sulfarsphenamine + 2 equiv. HiOjt 


Gl 3 ^arsenyl + 2 equiv. H-Oat 


Human blood (pH 7.4) 



•rH = — En -h 2 pH. 

t I.C., this is the redox potential of the sulfoxylate group. 

t The quantities of H-O; added were intended to cause the oxidation of half of the .ar- 
senical to the arsenoxide stage. 

§ This potential cannot be determined directly because the oxidation product exists 
only temporarily, if at all. However, the potential of the system p-aminophenol-p-imino- 
quinone has been measured and its "apparent oxidizing potential” is about the same as 
this system. 

expected to decrease the normal rate of oxidation processes in the blood. It has 
been shown by Bemb6 and Dietrich (16) that the presence of an excess of ascorbic 
acid does, in fact, markedly decrease the oxidation-reduction potential of blood. 

Biological investigaiion of the mechanism of ascorbic acid action. Sandground 
(17) has studied the mechanism of detoxication of pentavalent arsenicals by p- 
aminobenzoic acid by investigating the “time factor”; i.e., the change in the 
detoxifying effectiveness of the acid when it is injected at different time intervals 
with reference to the arsenical. He found tliat the acid is effective if injected up 
to three hours before the arsenical, but is markedly less effective if injected 30 
minutes or more after the arsenical. Martin and Johnson (18) reported that 
ascorbic acid is most effective as a detoxicant for arsenicals if injected two hours 
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previously, in order to permit complete diffusion in the tissues. We (1) have not 
been able to confirm this. 

In this study the hypothesis was adopted rather early that a) the effectiveness 
of ascorbic acid depends upon its being present at a high concentration in 
the blood while the ai-senical remains in the circulation, and that b) the detoxica- 
tion takes place in the blood, not in the tissues. In other words, the e.xtent of the 
detoxication achieved is a function of the concentrations of ascorbic acid and 
arsenical measured at the first moment when both are present simultaneously in 
the blood stream. Support for this hj^iothesis was obtained in the experiments 
which follow. 


TABLE 6 


Effect of injecting ncoarsphenamine and ascorbic acid (as the sodium salt ) , at different time 
intervals, on the mortality of albino rats 


DOSE 

Ascorbic tcid 1 Neoarsphenamine 

I TIME BETWEEN INJECTIONS 

MORTALITY 

A. 

Ascorbic acid followed by neoarspbenaroine 

fngm./igm. 

mgm./igm. 

minuies 


0 

425 


7/10 

100 

425 

0 

0/8 

100 

425 

10 

3/10 

100 

425 

30 

6/10 

ISO 

425 

30 

9/16 

200 

425 

30 

2/11 

300 

425 

30 

0/5 


B. Neoarsphenamine followed by ascorbic acid 


0 

425 


5/10 

100 

425 

10 

2/10 

100 

425 

30 

6/10 

200 

425 

30 

7/9 

300 

I 425 

30 

5/8 

600 

425 

30 

3/8 

1000 

1 

30 

4/7 


All animals used as subjects in these experiments were albino rats from the laboratory 
colony, weighing from 80 to 120 gms., and from 35 to 50 days of age. They were fasted for 
16 hours prior to the injections, w hich were made into the saphenous vein in the usual man- 
ner. Eight per cent solutions of neoarsphenamine and four per cent solutions of ascorbic 
acid (with enough sodium bicarbonate added to form the sodium salt) were injected. The 
time at which each animal received the first injection was noted, and, at exactly the time 
interval desired, the second injection was begun. Deaths observed within 6 daj's are re- 
corded in table 5 (A)’ 

The data show, in brief, that 100 mgra./kgni. of ascorbic acid, if given simul- 
taneously, will protect all anim.als from a dose of neoarsphenamine which, if given 

•The author is indebted to Mr. Donald Seppciin, Miss Evelyn Brice, and Mrs. Charles 
Miller for carrj-ing out the toxicity studies. 













232 


EVAX W. MCCHESN'EY 


alone, would have killed about 60 per cent. The mortalitj' rate is significantly 
increased if the ascorbic acid is given as much as 10 minutes before or after the 
neoarsphenamine and, if the time interval between the injections is increased to 
30 minutes, this amount of ascorbic acid confers no protection whatsoever. 
Complete protection (i.e., 100 per cent survival) can be obtained by giving ascor- 
bic acid 30 minutes before the arsenical, providing the dose is raised to a level of 
between 200 and 300 mgm./kgm. However, if the ascorbic acid is given 30 
minutes after the neoarsphenamine, even 1000 mgm./kgm. confers no protection. 

The results of part (A) of this experiment can be explained in terms of the blood 
levels of ascorbic acid which are observed following massive injections, as pre- 
viously published (1). Thus, the injection of 400 mgm./kgm. of ascorbic acid 
results in a temporarj' plasma level of 430 mgm. per cent which has, in 30 minutes, 
decreased to about 120 mgm. per cent. From this it can be computed roughl}' 
that a dose of 100 mgm./kgm. would result in an intitial plasma level of 110 mgm. 
per cent, which would, after 30 minutes, decrease to between 30 and 40 mgm. per 

TABLE 6 


Effect of ascorbic'aCid on the retention of neoarsphenamine by tissues 


GROUP 


IKISE 

ANTRACE ARSENIC CONTEST Of TISSUES* 


Ascorbic acid 

Liver 

Kldoey 


hrs. 

mirn./kgm. 

kgm./k(m. 



A 

24 

200 

0 

4.72 ±0.27 


B 

24 

200 

50 

5.26 ±0.26 


C 

24 

300 

75 

6.34 ±0.16 

14.88 ±0.75 

D 

48 


0 

2.86 ±0.22 

6.74 ±0.37 

E 

48 



2.60 ±0.28 


F 

48 


75 

2.62 ±0.34 

7.56 ±1.34 


• Expressed as mgm. of As-Oj per 100 gm. of fresh tissue ± standard error of the mean. 


cent. Therefore, if the extent of detoxication depends on the blood level of as- 
corbic acid, the injection of 100 mgm./kgm. of ascorbic acid 30 minutes before the 
arsenical should result in the same mortality- as if 30 mgm./kgm. were injected 
simultaneously with the arsenical. The latter dose is not sufficient to confer any 
protection (1), and none results here. However, if 100 mgm./kgm. were injected 
onlv 10 minutes before the neoarephenamine, the blood level would be materially 
higher than 30-40 mgm. per cent when the arsenical was injected and some pro- 
tection would be expected and is found here. 

On the other hand, it can be reasoned that when ascorbic acid is given after the 
arsenical its effectiveness should be even more radically- decreased. Neoarsphen- 
amine is known to disappear very rapidly from IKe blood stream (about 75 per 
cent is actually removed within the first two minutes) ; consequently, if ascorbic 
acid acts only- in the blood stream, it can act upon only the portion which remains. 
It appears, in fact, that after the lapse of 30 minutes it would be impossible to 
give enough ascorbic acid to confer complete protection. 
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Still another biological approach to this problem has been suggested by the 
work of Hogan and Eagle (19). They have shown that the amount of arsenic 
remaining in liver and kidney 24 or 48 hours after the intravenous injection of 
various substituted arsenoxides or arsonic acids is proportional to their toxicity. 
The effect of ascorbic acid on the retention and distribution of the arsenic of 
neoarsphenamine was studied by McChesney et al. (1). Although there was 
noted a slight tendency toward lower kidney concentrations of arsenic when as- 
corbic acid rvas given, the difference was not great enough to be impressive. So 
far as liver was concerned, the ascorbic acid made no difference in the retention of 
arsenic. In view of the findings of Hogan and Eagle, it has seemed worth while to 
repeat these experiments, but using smaller doses in order that, as suggested by 
these authors, the tissues would not be so altered by the toxic effects of the drug 
as to result ultimately in the death of the animal. The animals were prepared 
for the experiment as previously described (1). The tissues which were removed 
were kept frozen until the digestions could be earned out. Arsenic analyses were 
carried out by the method of Levvy (20), and the results are given in table 6. 
It is again demonstrated that the ascorbic acid has not altered the retention or 
distribution of the arsenic significantly. If the principles stated by Hogan and 
Eagle applied in this case it would be expected, for example, that the tissue levels 
of arsenie in groups A and C would be the same, and those of group B would be 
less than either. (The dose of 300 mgm. of neoarsphenamine plus 75 mgm. of 
ascorbic acid is about equivalent in toxicity to that of 200 mgm. of neoarsphena- 
mine alone.) 

Discussion of results. It has been generally supposed that when solutions 
of neoarsphenamine are exposed to the air they gradually undergo oxidation to 
the arsenoxide form. This is based on the obseivations of Rosenthal (7) and of 
Schamberg, Kolmer, and Broivn (21). Rosenthal did not report how arsenoxide 
N-methanal sulfoxylate would react in his proceduie, as he did not have the com- 
pound available. He w'as of the opinion that the side chain would split off during 
the oxidation. As has been pointed out, there is nothing specific about the 
Rosenthal color reaction for arsenoxide since other compounds which contain the 
o-aminophenol group give the same reaction. The only characteristics of arsen- 
oxide upon which an analytical method can be based are the o-amlnophenol 
group, the trivalent ai-senic, and the relatively high solubility throughout the pH 
range. The validity of any analytical method, therefore, depends largely upon 
the extent to which a physical separation of arsenoxide fiom the other probable 
components of the mixture can be made. The precipitating agent which has 
been used in this work lemoves all but a small constant fraction of unchanged 
neoarsphenamine, most of the arsenoxide N-methanal sulfonate (and, presumably 
any other compounds containing the N-mcthanal sulfoxylate or sulfonate radical, 
since these would combine with the cetyl pjTidinium radical). The reagent does 
not precipitate arsenoxide or arsonic acid, but the latter could be distinguished 
on the basis that its iodine titration is zero. 

The method used in this work indicates that during oxygenation of neoarsphen- 
aminc solutions the follow mg changes occur: a) a rather rapid diop in the iodine 
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titer from 10 equivalents per mole to a value ivhich eventually approaches 4 
equivalents per mole (this taken by itself would indicate complete oxidation to 
the arsenoxide stage since 2 equivalents per mole are required to oxidize the sulf- 
oxylate group to sulfonate, and 4 equivalents to oxidize the arsenobenzene 
linkage to arsenoxide), b) a change in color from yellow to dark brown, indicating 
oxidation of the o-aminophenol groups, and c) no striking increase in the amount 
of arsenoxide; the amount formed is entirelj' inadequate to account for the change 
in ^iodine titer mentioned above. Thus, the oxidation process seems more com- 
plicated than can be formulated in terms of simple concepts. 

The in vitro experiments demonstrate that ascorbic acid does not affect the rate 
of formation of arsenoxide from neoaisphenamine. It is capable of retarding 
somewhat the oxidation of o-aminophenol groups, but if the oxidation is 
continued long enough the end result is the same whether ascorbic acid is present 
or not. Ascorbic acid also retards the oxidation of the o-aminophenol group in 
arsenoxide. 

The results of the in vitro experiments have been confirmed biologically. Thus 
in a solution of arsenoxide protected by ascorbic acid and exposed to the air there 
is a continuous decrease in toxicity with time, attributable to the oxidation of 
As^''^ to As'+ On the other hand, in a solution of arsenoxide unprotected by 
ascorbic acid there is an early increase in toxicity due to oxidation of the o-amino- 
phenol group, followed by a decrease in toxicity as the arsenic atom is oxidized. 
Except at the outset the arsenoxide-ascorbic acid combination is always le.ss toxic 
and less colored than the arsenoxide alone. 

In aged neoarsphenamine solutions the situation is more complex. Initially 
the neoarsphenamine solution is about 40 per cent more toxic than a similar solu- 
tion containing ascorbic acid. Both .solutions become more toxic on exposure 
to air, but at about the same rate. If a neoarsphenamine solution is aged for 
three days in the absence of ascorbic acid, it becomes quite deeply colored and 
very toxic. However, if ascorbic acid is now added to it, it is no more to.xic than 
a neoarsphenamine solution which contained the same amount of ascorbic acid 
during the time of the exposure to air. The ascorbic acid, therefore, does not 
actually prevent to any significant degi’ee the chemical changes which cause neo- 
arsphenamine to become more toxic on exposure to the air, but rather acts by 
detoxifying in vivo the neoarsphenamine which remains unchanged after the o.xi- 
dation has been stopped. During the exposure to air the ascorbic acid probably 
remains essentially unchanged. 

The in vitro experiments thus shed little definite light on the mechanism of 
ascorbic acid action. Thej' demonstrate that the acid is capable of retarding the 
oxidation of o-aminophenol groups, but that it does not prevent or retard arsen- 
oxide formation. 

The in vivo experiments demonstrate that a high blood concentration of 
ascorbic acid is neces.=ary during the tinie the neoai-sphenamine is in the circula- 
tion if the detoxifying effect i« to be observed. This may be related to the fact 
that the presence of an excess of ascorbic acid decreases the redox potential of the 
blood. However, redox potential is not the only consideration since both lactic 
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acid and cysteine, whicli have lower redox potentials than ascorbic acid (22, 23), 
are inferior to ascorbic acid as detoxicants (1). 

The in vivo oxidation of neoarsphenamine may affect the o-aminophenol groups 
primarily, if the analogy to the in vitro experiments is preserved. However, in 
the blood catalysts such as copper, iron, and hemoglobin are present and may 
alter the behavior of the ascorbic acid. About the only generalization which can 
be made is that ascorbic acid tends to have its greatest detoxifying effect on those 
arsenicals which are most susceptible to oxidation in vitro. 


SUMMARY 

A study of the in vitro and in vivo behavior of solutions of arsenicals, with and 
without ascorbic acid, has been made. Ascorbic acid appears to be capable of 
retarding oxidation of the arsenicals, particularly as it involves the labile o-amino- 
phenol groups. It is thought that the administration of ascorbic acid with an 
arsenical decreases the oxidation-reduction potential of blood sufficiently to pre- 
vent immediate oxidation of the arsenical. In vivo evidence suggests that the 
site of the detoxication process is the blood stream, not the tissues such as liver 
and kidney. It is confirmed that ascorbic acid does not affect the retention of 
arsenic by liver and kidney. 

A method for the analysis of a mixture containing neoarsphenamine, 
arsenoxide, and ascorbic acid is given. It is based on iodine titrations and physi- 
cal separation of the neoarsphenamine by means of cetyl pyridinium chloride. 
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In the quest for an improved drug for use in refraction and internal examination 
of the eye, Swan and White (1943) were prompted to explore the possibility of 
synthesizing surface-active derivatives of a choline compound b}' replacing the 
hydrophilic — ICH. group of carbamino 3 ’lcholine with water-insoluble amines. 
It was thought that changing thus the molecular structure and phj'sical proper- 
ties of the substance miglit alter its phj'siologic effects. The results of their in- 
vestigations may be traced in a series of notable papere (1-5). The research 
culminated in the synthesis of a new class of autonomic drugs: a series of choline 
esters with mj'driatic and cjmloplegic action. The addition of the non-polar 
groups to carbaminoylcholine effected a spectacular revemal of action — “an event 
unparalleled in autonomic pharmacolog^^” 

A number of preparations were sj-nthesized. Of these, dibutyl-urethane of 
dimethjd-ethjd-b-hydroxyethyl ammonium sulfate (dibutoline)- was found to be 
the most suitable for clinical opthalmologic use. The structural relation of this 
preparation to carbaminoylcholine is shown in figure 1. 

The physical properties of dibutoline and its ocular pharmacology have been 
reported (1-5). This study is concerned with systemic aspects of its pharmaco- 
logic actions. 

Prepabatioxs and experimental methods. The stock solution which wa® 
used was a 5% solution of dibutoline in distilled water. Decomposition was tested for 
by checking the hydrogen ion concentration of the solution with litmus paper (3). Vihen 
a less concentrated solution was desired, a suitable dilution with physiologic saline was 
prepared. The other drugs which were used in this study were 1. Ether or Veterinarj 
Xembutal (Abbott Laboratories) for anesthesia. 2. Heparin (Abbott Laboratories) as 
an anticoagulant. 3. Atropine sulfate and scopolamine hydrobromide. 4. Acetylcholine 
chloride (Hoffman-La Roche), Prostigmin methylsulfate (Hoffmnn-La Roche) and Acetj 
beta-methylcholine chloride or Mecholyl (Merck and Co.). 5. Adrenaline chloride (Parke, 
Davis and Co.). 

An indication of the therapeutic range of dibutoline was determined by testing for acute 
toxicity in anesthetized and unanesthetized dogs. Chronic toxicity studies were not done 
and the MLD for anj’ of the various laboratory animals has not been determined. 

In a series of acute experiments, the systemic aspects of the pharmacologic actions o 
intravenous injections of dibutoline were studied in dogs anesthetized with nembutal or 
ether. Healthy unselected stock dogs weighing 8 to 13.7 kilograms served as e.xperi menta 

'We obtained the dibutoline which was used in this study through the generosity of 
Doctor Kenneth C. Swan, Professor of Opthalmologj', University of Oregon Medica 
School. 

'Merck and Company. 
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animals. Sixteen dogs were used in this study. Femoral blood pressure was recorded with 
a mercury' manometer. In some experiments, heparin was used to minimize the occurrence 
of intra-cannular clots. The studies were done in intact animals, left vagus dogs and after 
double vagotomy. Myocardiographic records were obtained in open chest experiments. 
Vagus blocking effects were determined by faradization of the peripheral end of the cut 
right vagus nerve, or by electrical stimulation of the intact nerve. Respiratory movements 
were recorded by a pneumograph which was attached to an air tambour. In several ex- 
periments, a submaxillary duct was exposed and cannulated and a drop record of salivary 
secretion was obtained. The chorda tympani on the side of the cannulated duct was ex- 
posed for electrical stimulation, and the lingual nerve was sectioned distal to the ehorda 
tympani branching. 

The pupillary reactions to intra-carotid injections of the drug and stimulation of the 
vago-sympathetic trunk after the administration of dibutoline were studied in a number of 
instances. 

The stability of dibutoline in blood was tested in a few experiments. Prior to this, all 
intravenous injections were done by a two-syringe technique in order to avoid mixing the 
drug with venous blood. The criteria of blood pressure response to a 1 cc. test dose and 
vagus blocking effects were used as indicators of drug activity. At ten minute intervals, a 


H 


H 


> 


H H CHa 

I I I 

■N— C— 0— C— C— N< 


CHa 

II III, 

O H H Cl 
Carbaminoylcholine (Doryl) 

p „ H H CHa 

I I I 

C— 0— C— C— N— CaHs 

O H H CHa 
Dibutoline 


ISO4 


Fig. 1 


fractional sample of a dibutoline-blood-oxalatc mixture was injected into a femoral vein' 
The mixture consisted of dibutoline, 25 mgm., potassium oxalate, 5 mgra., venous blood 
2 cc., and enough physiologic saline solution to make 5 cc. ' 

The effects of intravenous injections of dibutoline on the electrical changes in the heart 
were studied in the intact unancsthetized dog. Four animals were used. The dogs were 
placed on their side, connected by lead II to the electrocardiograph and ECG records were 
obtained follon ing the injection of O.OI to 10 mgm. per kilogram of dibutoline into a radial 
vein. 

Records of the motihty of an intestinal segment in the form of a Thiry or a Thiry-Vella 
loop of tlie jejunum u ith nerve pathways intact were taken by the b.illoon-mcrcury-manom- 
etcr method (0) Six dogs were used. The drug reactions of smooth muscle in vitro were 
also studied. A record of the contractions of the isolated small intestine of a rabbit was 
obtained after suspending it in an oxygenated bath of Locke’s solution at pH 7.S and a 
temperature of 37 .5± 0 2'’C. 

I. Effects of intravenous injections on the cincuL.tTioN. In the acute 
experiments which were done, the minimal effective depressor dose was 0.02 to 
0.05 mgm. per kilogram. 1 licre was no evidence of a dosage phenomenon. The 
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arterial pressure tjTDically began to decrease wnthin 15 to 40 seconds after the in- 
jection and reached a minimum in from 1 to 3 minutes. Intravenous injections 
of less than 0.5 mgm. per kilogram resulted in a transient fall in blood pressure, 
which returned to the pre-injection level within 1 to 5 minutes after a minimum 
pressure was reached. A more persistent decrease in blood pressure occurred 
after the administration of higher dosages. A return to the pre-injection level 
was not always accomplished if more than 1 mgm. per kilogram of dibutoline was 



Fig. 2. Effect of Dibutoline on Blood Pressure, Heart R.ate and Respiration 
Intravenous injections. Intact dog, 10 kilograms Nembutal intraperitoneal anesthe- 
sig. Breaks in record, 3 minutes and 45 minutes. The horizontal row of figures above the 
zero blood pressure line indicates heart rate, calculated from 30 second intervals. Zero 
blood pressure line is also procedure line. 


TABLE 1 


Depressor effeet of dibulohne 

Average blood pressure decrease after intravenous injection in anesthetized dogs: 

16 animals 


DOSE 

FLOOD PRESSXTRE DROP 

msm per kg 

mm Bg 

0.05 

3 

0.1 

12 

0.3 

24 

0.5 

27 

1.0 

3S 

5.0 

67 


given. The atropine-like effects of dibutoline in blocking the cardiac vagus and 
in stopping salivar 3 '^ secretion usualh' outlasted the decrease in blood pressure 
which resulted after intrat enous injections of the drug. Dibutoline maj^ be in- 
jected repeated!}' with little or no diminution in the depressor response. The 
relation of drug dosage to the magnitude of the depressor response is shown in 
table 1. A tj’pical record is illustrated in figure 2. 

A change in heart rate did not occur after the intravenous injection of less than 
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0.1 mgm. per kilogram of dibutoline. Larger doses resulted in a decrease in the 
heart rate, which -was related directly to the drug dosage. The latency for the 
onset of cardiac slonung was more than one circulation time. The heart rate was 
decreased about iC per cent after 0.5 mgm. per kilogram of dibutoline. A ten- 
fold increase in drug dosage resulted in a 5 to 20 per cent further decrease in the 
heart rate. Cardiac irregularities of any kind were notably absent in all of the 
experiments. The decrease in blood pressure which resulted from 0.5 mgm. per 
kilogram was not accompanied by a measurable change in the amplitude of the 
ventricular contractions. Higher doses produced myocardiographic evidence of 
a decreased cardiac output coincident with the decrease in blood pressure, and 
both the rate and amplitude of ventricular contractions were lessened. 

The depressor response was uninfluenced by vagotomy or atropinization. 
Similarly, the decrease in heart rate which occurred after intravenous injections 
of dibutoline in anesthetized animals was not significantly altered by atropiniza- 
tion or double vagotomy. 

IVe have not obtained plethysmographic records, but our results suggest that 
the blood pressure changes which occur after the intravenous injection of small 
doses of dibutoline (less than 0.1 mgm. per kilogram) are peripheral in origin. 
Arterial pressure decreased although the rate and the amplitude of ventricular 
contractions were unchanged. Moreover, there was no evidence of medullary 
depression in these experiments and there is a local spasmolytic action of dibuto- 
line on smooth muscle other than the arteriole (cf. intestinal tract). 

There was impairment of the inhibitorj' effect of vagus stimulation after in- 
travenous injection of the minimal depressor dose. \Yith increased dosage, the 
vagus block became complete and the heart rate response to vagal stimulation 
was cardiac acceleration with a slight elevation of the blood pressure. The dura- 
tion of the vagus block was related to dosage. The results of a representative 
experiment are illustrated in figure 3. This information is summarized in 
table 2. 

The profound cardiac and depressor actions of acetylcholine and acet}']-beta- 
methylcholine were prevented or abolished by dibutoline. The dibutoline block 
was not absolute, for it could be overcome by the intravenous injection of more 
acetylcholine or more acetyl-beta-methylcholine. It was then possible to coun- 
teract again the effects of the choVmomimelic drugs by the injection of more 
dibutoline. The nicotinic effect of a 5 mgm. dose of acetylcholine was unmasked 

by dibutolinization. 

The pressor response to the intravenous injection of 1 cc. of a 2 X 10 -^ con- 
centration of adicnahne was unaffected by 1 mgm. per kilogram of dibutoline 

The cxperiment-s just described afford evidence for the following conclusions: 
1. There is a peripheral site of action of the drug which is comparable to the selec- 
tive action of atropine on autonomic slructur&s, blocking the muscarinic effects 
of the ehohnomimetic compounds on the heart and the circulation. 2 Dibuto- 
line is not a nicotine-paralyzing drug which blocks pre-ganglionic cholinergic 
synap-es for the nicotinic effect of a large do=c of acetylcholine i.= unmasked not 
aboli'-hcd by dibutolinization. 3. It is not adrenolytic or sympathieolytic, since 
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the pressor response to injected adrenaline is unaltered b}' it and the reactivit}' of 
the iris dilator fibers to electrical stimulation of the cendcal sympathetic trunk or 
to stimulatoiy drugs is apparently uninfluenced by either the local application of 
dibutoline (5) or intravenous administration of the drug. 

TABLE 2 

blocking action of dibutoline 

Dog iSfll: February 22, 1945. 10 kilogram, left vagus animal. Nembutal anesthesia, 
6| cc. intraperitoneal. Secondary coil of inductorium, S-OO", 2 batteries in primary circuit. 


DIDUTOUyE 

VACUS BLOCK i 


mjm. per kg. 


piinutes 

o.os 

Incomplete 

' 6 

0.5 

Complete 

12 

2.5 

Complete 

62 




X 



OieUTOuINC 
so mqTT> IV 


Fig. 3. Vagus Blocking Action of Dibutoline 
Left vagus dog, 10 kg. Nembutal intraperitoneal anesthesia. PRV indicates electrical 
stimulation of peripheral right vagus nerve, secondary coil at S-OO* throughout experiment. 
Bre.ak in record, 20 minutes. 


In one tj’pe of e.xperiment which was done, the secondary coil of an inductonum 
was set so that the response to electrical stimulation of the right vagus nerv'e was 
cardiac arrest. An identical stimulus was ineffective after the intravenous in- 
jection of 0.3 mgm. per kilogram of dibutoline. After one minute a 0.5 
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mgm. dose of prostigmin was injected intravenously. The vagus nerve was again 
stimulated after a lapse of one minute and cardiac arrest occurred. The brady- 
cardia and cardiac irregularity which persisted after the nerve stimulation were 
terminated abruptly by repeating the initial dose of dibutoline. 

The most likely explanation for these results is that the dibutoline block does 
not interfere with the release of acetylcholine at postganglionic chohnergic 
nerve endings to the heart. Although vagus block occurred after the initial in- 
jection of dibutoline, the subsequent administration of prostigmin would allow, 
then, for the accumulation of sufficient acetylcholine to overcome the dibutoline 
block when the nerve was again stimulated. A less likely explanation would be 
that prostigmin exerts some direct effect exclusive of its anti-cholinesterase 
action. 

II. Electrical changes in the heart. ECG records were obtained fol- 
lowing the intravenous injection of dibutoline in intact unanesthetized dogs. 
The characteristic features of the response to the intravenous administration of 
0.01 to 10 mgm. per kilogram were studied. 

An initial period of bradycardia after the injection did not occur. The minimal 
cardio-accelerator dose was more than 0.01 and less than 0.05 mgm. per kilogram. 
The normal sinus arrhythmia, which is usually exaggerated in dogs, was promptly 
lost with the onset of the sinus tachycardia. The period of latency for the ac- 
celerator response was equivalent to an arm to heart circulation time, i.e., 7 to 9 
seconds. The increase in the heart rate developed progressively and was usually 
maximal within 30 to 90 seconds after the injection. Since the increase in heart 
rate after high dosages (5 to 10 mgm. per kilogram) exceeded the predicted rise 
from vagus release alone and dibutoline has been shown to possess a depressor 
action in the anesthetized animal, it is likely that a part of the cardiac accelera- 
tion which occurred after high dosages was on the basis of adrenomimetic sub- 
stances liberated at adrenergic nerve endings activated reflexly by a fall in blood 
pressure. 

Cardiac irregularities of any kind were not obseived in the four animals studied. 
Tlie significant ECG changes which were noted involved the P wave, the T wave 
and the S-T segment. There was usually a 0.1 to 0.3 mv. depression of the P 
wave (or inversion of the P wave after high dosages) which developed within an 
arm to heart circulation time after the beginning of the injection and persisted for 
only seconds. The changes in the P wave were reversible in everj' instance, 
within 5 minutes or less. The electrocardiographic changes in the T wave and 
S-T segment were more persistent and still evident 4 to 5 minutes after the in- 
jection when a last ECG record was obtained. However, significant alterations 
in the day to day control records of the different animals were not obseri’ed. The 
various changes in the T wave and S-T segment which occurred were the 
following: a 0.1 to 0.3 mv. accentuation of a normally inverted T wave, a flat- 
tening or rcvci-sal of a normally inverted T wave, a 0.1 to 0.5 mv. heightening of 
an upright T wave, invereion of a normally upright T wave, a diphasic change in 
the T wave or disappearance of a normally diphasic T wave, or a 0.1 to 0.5 mv. 
elevation of the S-T segment. 
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Selected ECG tracings are shown in figure 4. The effect of various intravenous 
doses of dibutoline in one of the animals is shown in table 3. 

III. Effects on respir.\tion. Neither the amplitude nor the rate of respira- 
tory excursions was altered by the intravenous injection of less than 0.5 mgm. per 
kilogram of the drug in the anesthetized animals. Larger doses resulted in a 
decrease in blood pressure which was associated wth a tachjTDnea. The ampli- 
tude of the respiratory excursions was decreased in some of the e.xperiments when 
the hypotension was severe. The respiratory effects were sjTichronous iiith a 
decrease in arterial pressure and did not otherwise occur. This result is illustrated 
in figures 2 and 5. The likelj' explanation for these changes is in terms of reflex 
activation of the respiratory center by arterial hypotension utilizing the carotid 
sinus and aortic arch mechanisms. The bradypnea which sometimes occurred 


TABLE 3 
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THE DIBUTOLINE INJECTION CAL- 


DIBUTO- 

BASAL 

ONSET or 

' INCREASE 

CULATEO FROM 10 SEC- INTERVALS , 

ECC CHANCES 

UKE 

HEART 

ACCELER- 

IN HEART 









I.V. 

i RATE 

ATION 

R^TF 

Seconds after injection 






10 

30 

90 

300 


msm per 
kg. 


see. 

Ce 






0.01 

96 


4 

100 

92 

92 

92 

None 

0.10 

120 

7 

40 

120 

150 

168 

132 

T wave biphasio 27 seconds 









after injection. P wave 









depressed 0.1 niv. 12 sec- 
onds after injection, dur- 









.ation of 1 minute 

1.0 

90 

9 

173 

96 1 

1 

19S 

240 

246 

T wave lost normal bi- 
phasic appearance 19 
seconds after injection, 
recovery in 90 seconds 
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during the period of compensatory readjustment of the blood pressure is e.xplam- 
able on the basis of acapnia developed during a hyperventilatory period. 

The intra-carotid injection of 0.05 to 0.5 mgm. per kilogram of dibutoline did 
not produce respiratoiy effects which were qualitatively different than those 
already described. 

There were no significant respiratory effects from the intravenous injection o 
0.01 to 10 mgm. per kilogram of dibutoline in unanesthetized animals. 

lA'. Effect on salivary secretion. The subcutaneous or intravenous ad- 
ministration of dibutoline produced a dry mouth in the e.xperimental animals 
which were studied. The influence of dibutoline on the action of the choida 
tympani and the secretoiy response to the injection of a cholinomimetic drug "as 
studied. 
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The increase in salivary secretion which resulted from strong stimulation of the 
chorda tympani was abolished bj' a 0.3 mgm. per kilogram dose of dibutoline. 
This dose of the drug also produced a complete block of the cardiac vagus, a 10 to 
15 per cent decrease in the blood pressure and a decrease in heart rate. It is 
notable that recovery from tlie circulatory effects of the injection and a return of 
the normal heart rate response to peripheral vagal stimulation occurred before 
the inhibitor5^ effects of the injection on salivary secretion had disappeared. The 
protocol of a typical experiment is presented in table 4. 

The profuse salivatory response to acetyl-beta-methylcholine and the depressor 
action of a 0.015 mgm. per kilogram dose of the drug were nullified immediately 
by 0.2 mgm. per kilogram of dibutoline. In other experiments, the cardiac, cir- 



FiG 5 i-FFECTOrDlEtiTOLINK ON Bl OOD PrESSI RE, HE \RT R NTE AND RESPIRNTIOX 

A Intact dog, 10 kg Nembutal intrapentoneal anesthesia Dibutoline, 0.1 mgm pet 
kilogram bj’ intravenous injection, at arrow. Note decrease in blood pressure without 
change in heart rate or respiratory rate 

B Intact dog, 9 1 kg Nembutal intraperilonenl anesthesia Dibutoline, 1 mgm per 
kilogram by intravenous injection, at arrow Note the sj'nchronous effects on blood 
pressure and respiratory rate, and the comjiarativelj slight decrease in heart rate. 

culatory and secretor 3 ’ lesponses to the injection of acetj’l-beta-meth3'lcholine 
weie pi evented b3’^ dibutoline 

y. Effect on the isol \ted rabbit intestine. It w as shown b3' the isolated 
intestine technique that there is a diiect mhibitoi3’ action of dibutoline on the 
smooth muscle of the intestinal wall as well as an atropine-like action, blocking 
the effects of acetylcholine 

The smallest effective concentration in these expeiiments was less than 2 X 
10~®. In this dosage, equivalent concentrations of dibutoline and atropine pro- 
duced similar inhibitor3- effects on the tone and rlD'thmic contractions of the 
isolated segment of intestine. 

The increased tone and rh3'thmic motilit3' which resulted from the addition of 
a 1 X 10~^ concentration of acet3'lchohne to the bath solution was abolished b3' 
dibutoline in a 2 X 10"® concentration The t3’’pe of record obtained is illustrated 
in figure 0 A high concentration w as requii ed to influence the spasm induced b3’’ 
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a 2 X 10~^ concentration of barium chloride. A 4 X concentration pos- 
sessed a distinct though incomplete antispasmodic action. An equivalent dose 
of atropine was ineffective against the intestinal effects of barium chloride. 

VL Effect on the dog intestine in situ. The results of these studies are 
qualitatively consistent with the results of the in vitro experiments which have 
been described. All injections were made bj’’ the intravenous route. 

After a latent period of 12 to 30 seconds, the injection of 0.01 to 1 mgm. per 
kilogram of dibutoline resulted in a reduction in the amplitude of rhythmic con- 
tractions of the intestinal segment and a sharp decrease in tonus. The maximal 

TABLE 4 


Effect of dibutoline on the action of the chorda tympani 
Dog #2: October 24, 1944. 10 kilogram, left vagus animal. Ether anesthesia. Dibu- 
toline, 0 3 mgm. per kilogram intravenously. 


TIME 

STIUULATIONS/ISJECTTO^S 
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84 
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70 
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Vagus block complete 
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Stimulate eborda tympani 

0 

74 

9i 

Vagus block incomplete 



lOi 

Stimulate chorda tympani 

0 

82 

12 

Vagus block absent 

1 


12} 

Stimulate chorda tympani 

1 

84 

13} 

Stimulate chorda tympani 

2 


15 

Stimulate chorda tympani 



15} 


2 

84 

IS 

Stimulate chorda tympani 

4 


19} 


2 


20} 

Stimulate chorda tympani 



21 


2 


22 


4 


37 

Stimulate chorda tympani 

13 

94 


effects of the injection were obseived immediately. The intestinal segment did 
not show a hyper-motile rccoverj' phase. There was a progressive return of tonus 
and motility to the pre-injection state. The amplitude of rhythmic contractions 
usually showed a gradual increase to normal which preceded the recover}' 
of tonus 

The minimal effective dose for exerting an inhibitor}' action on tonus and 
motility was near 0.01 mgm. per kilogram. 

The duration a.s well as the decree of intestinal inhibition varied with the dose 
of dibutoline lived. The effects of 0.01 mgm. per kilogram of the drug were ob- 
scr\ able for less than 5 minute^. W ith this dosage, inhibitorv effects 


were 
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usually submaximal and amotilitj' did not ahvaj's occur. A 0.1 mgm. per kilo- 
gram dose produced amotility of the intestinal segment for about 1 minute udth 
a proportionately greater decrease in tonus. The amplitude and rate of rhyth- 
mic contractions were decreased for about 15 minutes. A 1 mgm. per kilogram 
dose of the drug resulted in even more prolonged inhibitory effects, which lasted 
for 20 to 45 minutes. 

A comparison of responses to equivalent doses of dibutoline and atropine was 
made. The tj'pe of record obtained is illustrated in figure 7. Dibutoline pro- 
duced a more marked degree of intestinal inhibition during the time of its maxi- 


0 12 minixtcs 



ACh "Dibutoline 
1X10"^ axio"® 


Fig. 6. Isolated Rabbit Intbsti.n'e 

mal effect than did atropine in most of the e.vperiments, but there was more rapid 
recovery from the dibutoline inhibition. 

The increased tonus or spasm which result from the administration of a test 
dose of prostigmin may be counteracted and subnormal tonus and motilitj^ pro- 
duced by the injection of dibutoline. A typical response is shown in figure 8. 
The dose of dibutoline needed was small and similar to that which was required to 
inhibit the intestinal segment when a test dose of prostigmin had not been given. 
The degree of subnormal tonus and motility which resulted was as great as after 
the injection of an equivalent dose of atropine. However, the antagonism of the 
prostigmin effect by dibutoline was of shorter duration than that from an 
equivalent dose of atropine. The response to a large test dose of prostigmin was 
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prevented for a time by the injection of a comparatively small dose of dibutoline 
(less than 0.05 mgm. per kilogram). 

Although it completely opposed the effects of prostigmin on intestinal motility, 
the excitatory action on tonus and rhythmic contractions of a test dose of 
morphine was relativel 3 ’’ little affected b>' dibutoline. The tj^ie of record 
obtained is illustrated in figure 9. This inabilitj' to counteract the intestinal 
effects of morphine was evident althougli high dosages of dibutoline were given. 
The antispasmodic effect of a 0.05 mgm. per kilogram dose of the drug exceeded 
that of an equivalent dose of atropine. 

The amount of dibutoline bj’ intravenous injection that is required to inhibit 
intestinal motilitj' in the unanesthetized dog is less than the minimal needed for 
the production of cardiac acceleration. This fact was observed repeatedly by 
periodic determinations of the heart rate while recording the response of an in- 



Fio. 8. Dibutoli.ve Antago.xism or Prostigmin Spasm or an Intestinal Segment 
From above downward there is shown 1, bailoon-mercury-manometer record from the 
distal end of a jejunal Thiry-Vella loop in an unmedicated, unanesthetized dog; 2, zero 
pressure level; 3, record of procedures; 4, time in 10 second intervals. Marks indicate in- 
travenous injections as follows: (1) 0.12 mgm. of prostigmin, (2) 0 5 mgm, of dibutoline, (3) 
5 mgm. of dibutoline, (4) 0.12 mgm. of prostigmin and (5) 0.5 mgm. of atropine sulfate. S 6 
kg. animal. 


testinal segment to injections of the drug, and by obtaining simultaneous records 
of electrical changes in the heart and of intestinal motility. 


We have not studied directly the effect of dibutoline on bronchiolar muscle, 
but it was noted in these e.xperiments that the broncho-constrictor action of a 
test dose of prostigmin was blocked by dibutoline. 

In intact unanesthetized loop dogs, the fascicular skeletal muscle tremors which 
appeared after the injection of a large test dose of prostigmin were unaffected by 
0.5 mgm. per kilogram of dibutoline. 

VII. Effect of intra-carotid injection. A number of intra-carotid in- 
jections ivere done in the acute experiments which have been described. 0.05 to 
0.5 mgm. per kilogram of dibutoline was administered. The injection of 0.5 
mgm. per kilogram produced a typical depressor response which was equal to or 
less than the effect of an equivalent dose by intravenous injection. No respira- 
tory effects were observ'ed in these e.xperiments. A submaximal, ipselatcral 
dilatation of the pupil occurred. It was possible to produce a maximal dilatation 
by faradization of the vago-sympathetic trunk. 
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VIII. Stability in blood. A few expeiiments weie done in an attempt to 
test for inactivation of dibutoline by blood. The ciiteria of blood pressuie de- 
crease and vagus blocking action of a test dose n ere used as indications of peisistent 
drug activity. The studies gave negative results. There was no apparent in- 



Fir. a iNTi'iTiv^i. Kfucts Diditolim \s Morpiiim, 

WritiiiK points .irr.inKca .-is iii finureS, except tti.U motilitj record is from a iciunal Tliirv 
loop Marks indicate intraxenous injections as follows (1) 0 1 mem of dihoinl.ni loi 
4 iiiKm of morpliine sulLite (3) 1 mpm of dilmtoline, (4) loSnernTdibuto me am"(5n’ 
mpm of atropine sulfate ^ dop ^ ^ ^ 


actiMition of the drug by blood within one hout aftei the picparation of a blood- 
oxalate-dibutohnc niixttue. 

IX I'.iri.fT OF HII’Oln.ItMIC IND INTIIWENOI S INJIATION I.X U.WNFSTHimZLD 
nous Sw an and White (5) ha\ e repoi ted the minimal lethal dose of dibutoline 
admin.steied intrapeiitoneally in labbits and lat.s as approximatelv 75 mgm per 
kiloginm ‘ t. ' 1 

In the acute expe. intents, ,t was exident that the dilTerenee between the mini- 
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mal effective dose and the minimal toxic dose must be verj- great. Repeated high 
dosages of the drug resulted in little or no advei-se effect, other than the blood pres- 
sure and heart rate changes which occurred. As much as 300 mgm. of dibutoline 
was given in the course of a two-hour e.xperiment without producing a lethal re- 
sult. This was the largest total dosage given. 

The low toxicity of dibutoline was also apparent after the subcutaneous and 
intravenous injection of 0.01 to 10 mgm. per kilogram of the drug in intact un- 
anesthetized animals. The intravenous administration of dibutoline was as well 
tolerated as the subcutaneous injection of equivalent doses. High dosages (1 to 
10 mgm. per kilogram) were as well borne as the injection of the minimal effective 
dose for producing intestinal inliibitory effects (less than 0.01 mgm. per kilogram). 


T.ABLE 5 

Effects of subcutaneous injections of dibutoline in unanesthcticcd dags 
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IV, 1 

5.0 

HR 
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(3) 
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88 

(3) 

126 

216 

(3) 

262 


228 

(8) 

1 

174 

w 

Hyperactive 
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We have not determined the minimal toxic dose for dibutoline, but exceeding 
the effective dose for producing intestinal effects by more than 1000 times did not 
result in symptoms of overdosage. The animals typically developed a dry 
mouth, pupillarj' dilatation and loss of accommodation. There was a marked sinus 
tachycardia and a disappearance of the normal sinus arrhythmia. The onlj’ 
changes which could be attributed to high doses of dibutoline (and might be in- 
dicative of overdosage) were restlessness, hyperactivity of the deep tendon reflexes 
and reversible and minimal ECG changes. 

After subcutaneous injections of dibutoline in unanesthetized dogs there 
seemed to be a mild cardio-inhibitor action of the drug before the onset of cardiac 
acceleration. This finding was constant in the limited number of observations 
which were made. Since the degree of deceleration which occurred was slight 
and the series of determinatioms was small, the question of a biphasic action on 
the heart rate and a dosage phenomenon has not been answered satisfactorily bj 
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these experiments. Data from vanous dosages in different animals shorni in 
table 5 illustrate the results obtained. 

A depressor lesponse did not occur in anesthetized dogs after subcutaneous in- 
jections of dibutoline, even in Jiigh dosage. 2.5 mgm. per kilogram produced 
no change in blood pressure although it resulted in complete vagus block. 

summary AN'D CONCLUSION'S 

Tlie combined results of this and of previous other studies which have been 
reported provide a basis for a description of the pharmacodynamic actions of 
dibutoline. 

Dibutoline possesses pharmacologic actions which are qualitatively identical 
uith the autonomic-blocking action of atropine. In adequate dosage it pre- 
vents or abolishes the muscarinic effects of injected choline derivatives. It 
blocks the effects of endogenously produced acetylcholine at effector cells 
innervated by postganglionic cholinergic nerves, i.e., 1 . The iris constrictor. 
2. The cardiac vagu«. 3. The submaidllary gland. 4. Arteriolar smooth 
muscle. 5. Smooth muscle of the intestinal tract. 

In equivalent doses, the duration of its action is shorter than for atropine; how- 
ever, prolonged effects without toxicity were obtained by increasing the drug 
dosage. 

Autonomic-blocking effects of dibutoline were evident after the administration 
of doses which did not produce a decrease in blood pressure or a change in the 
heart rate. 

In this series of experiments, the following illustrative results were obtained : 

a) Less than 0.01 mgm. per kilogram by intravenous injection exerted an 
inhibitory action on tonus and rhythmic contractions of an intestinal seg- 
ment in the intact unanesthetized dog. This was less than the minimal cardio- 
accelerator dose for the same animals. 

b) A 2 X 10~* concentration of dibutoline was found to lessen the tone and 
decrease the amplitude of rhythmic contractions of an isolated segment of rab- 
bit intestine in a drug-free bath. 

c) A 0.02 mgm. per kilogram do=e by intravenous injection produced vagus 
blocking effects in the anesthetized dog; less than 0.05 mgm. per kilogram was 
effective in the unane^thetized animal. 

d) In the acute experiments, 0.3 mgm. per kilogram of dibutoline 
blocked completely the effect of strong stimulation of the chorda tympani. 
The secretory and circuiatorj- effects of a 0.25 mgm. dose of acetyl-beta-methyl- 
choline were abolished by 0.2 mgm. per kilogram of dibutoline. 

The results of the prosligmin experiments would indicate that the release of 
acetylcholine at postganglionic ragus endings to the heart is not prevented by 
dibutoUnization. 

The stability of dibutoline in blood was tested. There was no e\ddence of in- 
acti\ ation of the drug w ithin an hour’s time. 

That dibutohne is not adrenolytic or sympathicoly tic and depressant to effector 
cell- innervated by postganglionic adrenergic nen-es. or nicotine-paralyzing and 
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blocking preganglionic cholinergic sj'napses, is suggested by the following facts. 
The pressor response to the intravenous injection of adrenaline was unaltered by 
dibutoline. Moreover, the iris dilator fibers appear to be unaffected by the 
systemic administration of dibutoline as well as by its local application. The 
nicotinic action of acetylcholine in high dosage is immasked by dibutolinization. 

We have not obtained plethj'smographic records, but it seems likeh' that the 
blood pressure decrease after the intravenous injection of dibutoline is due in part 
to a decrease in arterial resistance. When small doses were given (less than 0.1 
mgm. per kilogram) a blood pressure decrease occurred without producing a change 
in the rate or the amplitude of ventricular contractions. The minimal depressor 
dose was 0.02 to 0.05 mgm. per kilogram. The response was not abolished by 
double vagotomy' or by atropinization. Dibutoline in high dosage by' sub- 
cutaneous injection resulted in no significant alteration in blood pressure, but 
exerted its autonomic-blocking action on smooth muscle and secretory glands. 

The typical cardiac response to the intravenous injection of dibutoline in anes- 
thetized dogs was deceleration. This result was observed repeatedly. The 
minimal effective dose for producing a decrease in the heart rate was near 0.1 
mgm. per kilogram. A decrease of as much as one-third resulted from the in- 
travenous injection of 5 mgm. per kilogram. Cardiac slowing was not abolished 
by vagotomy or atropinization. The amplitude as well as the rate of ventricular 
contractions decreased after a 0.5 mgm. per kilogram dose of dibutoline. 

In the intact unanesthetized animal, a peiiod of pl-olonged cardioraccelcration 
resulted from the subcutaneous or intravenous injection of dibutoline. In some 
instances, the increase was more than 170 per cent. A biphasic effect on the 
heart rate w'as evident after subcutaneous injections of the drug, but a limited 
and therefore unconvincing number of e.xperiments were done. There was a 
short initial phase of bradycardia, which rv.as followed by' the onset of a 
persistent and marked sinus tachycardia. 

Cardiac irregularities were conspicuously' .absent in all of the experiments. 
Significant ECG changes did not develop after the injection of less than 0.1 mgm. 
per kilogi-am of dibutoline. Changes ascribable to the effect of dibutoline 'verc 
minimal and reversible after the injection of higher dosages in intact unancsthe- 
tized dogs. 

Studies of the isolated rabbit’s intestine indiwite that dibutoline- possesses a 
direct spasmoly'tic effect on intestinal muscle as well as an atropine-like action. 

A remarkable feature of dibutoline is its extremely low to.xicity. It was pos- 
sible to exceed by' more than 1000 times the minimal effective dose for producing 
an inhibitoiy action on the tonus and rhythmic motility' of the intestine without 
reaching the minimal toxic dose. The only indications of possible overdosage m 
intact unanesthetized dogs after the subcutaneous or intravenous administration 
of 0.01 to 10 mgm. per kilogram of dibutoline were restlessness, hyperactive deeji 
tendon reflexes and minimal and reversible ECG changes. In no instance w-a^, a 
lethal result effected. 
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blocking preganglionic cholinergic synapses, is suggested by the following facts. 
The pressor I'esponse to the intravenous injection of adrenaline was unaltered by 
dibutoline. ^Moreover, the iris dilator fibers appear to be unaffected by the 
systemic administration of dibutoline as well as by its local application. The 
nicotinic action of acetylcholine in high dosage is unmasked by dibutolinization. 

We have not obtained pletliysmographic records, but it seems likely that the 
blood pressure decrease after the intravenous injection of dibutoline is due in part 
to a decrease in arterial resistance. TiMien small doses were gi^■en (less than 0.1 
mgm . per kilogram) a blood pressure decrease occurred without producing a cliange 
in the rate or the amplitude of ventricular contractions. The minimal depressor 
dose was 0.02 to 0.05 mgm. per kilogram. The response was not abolished by 
double vagotomy' or by' atropinization. Dibutoline in high dosage by sub- 
cutaneous injection resulted in no significant alteration in blood pressure, but 
exerted its autonomic-blocking action on smooth muscle and secretory glands. 

Tire typical cardiac response to the intravenous injection of dibutoline in anes- 
thetized dogs was deceleration. This result was observed repeatedly. The 
minimal effective dose for producing a decrease in the heart rate was near 0.1 
mgm. per kilogram. A decrease of as much as one-third resulted from the in- 
travenous injection of 5 mgm. per kilogram. Cardiac slowing was not abolislied 
by vagotomy or atropinization. The amplitude as well as the rate of ventricular 
contractions decreased after a 0.5 mgm. per kilogram dose of dibutoline. 

In the intact unanesthetized animal, a period of prolonged cardioTaccelcmtion 
resulted from the subcutaneous or intravenous injection of dibutoline. In some 
instances, the increase was more than 170 per cent. A biphasic effect on tlie 
heart rate was evident after subcutaneous injections of the di'ug, but a limited 
and therefore unconvincing number of e.xperiments were done. There was a 
short initial phase of bradycardia, which w.as followed by' the onset of a 
persistent and marked sinus tachycardia. 

Cardiac irregularities were conspicuously absent in all of the experiments. 
Significant ECG changes did not develop after the injection of less than 0.1 mgm. 
per kilogram of dibutoline. Changes ascribable to the effect of dibutoline were 
minimal and reversible after the injection of higher dosages in intact unancsthe- 
tized dogs. 

Studies of the isolated rabbit’s intestine indiwite that dibutoline possesses a 
direct spasmoly'tic effect on intestinal muscle as well as an atropine-like action. 

remarkable feature of dibutoline is its extremely low tojdcity. It was pos- 
sible to exceed by' more than 1000 times the minima! effective dose for producing 
an inhibitoiy action on the tonus and rhythmic motility' of the intestine without 
reaching the minimal to.xic dose. The only indic-atioiis of possible overdosage m 
intact unanesthetized dogs after the subcutaneous or intravenous administration 
of 0.01 to 10 mgm. per kilogram of dibutoline were restlessness, hyperactive deep 
tendon reflexes and minimal and reversible ECG clianges. In no instance was a 
lethal result effected. 
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Numerous investigators have found that sulfanilamides do not produce 
complete inhibition of bacteria immediately but that a more or less extensive 
time lag occurs (1). Although Libby (2) found appreciable growth during the 
first hours of treatment his sensitive technique of photronreflectometric turbidity 
readings showed that population increase of several species of bacteria was 
retarded fairly early. He suggested that progressive reduction of the growth 
rate occurs before complete inhibition of development is attained. 

It seems possible that the length of time required for effective inhibition by 
sulfanilamides or other slowly acting compounds varies inversely with the 
growth and multiplication rate of the organism. This has obvious implications 
for the length of treatment necessary in chemotherapeutic trials with more 
complex and slowly multiplying organisms such as the protozoa. We have 
used the malarial organism, Plasmodium gallinaceum, in chickens to test this 
hypothesis. Sulfadiazine was chosen since it is more or less active against 
various species of avian and human malaria (3, 4, 5). Quinine was chosen as 
a standard for comparison. 

Methods. The parasites were introduced intravenously into fifteen uninfected one- 
week-old chickens (single comb white Leghorn cockerels) two days after drug treatment 
began. Thus, untreated parasites were suddenly placed in an environment containing 
the drugs. Although the parasites from blood-induced infections of this species are not 
very synchronous in development, a homogeneous inoculum of small forms was obtained 
by using the blood from a bird seven days after intravenous injection uith sporozoites. 
The treated birds were kept on drug diets and continuous light throughout the experiment 
to insure the maintenance of relatively constant blood levels (3). Five birds were treated 
with sulfadiazine, five with quinine and five were not treated. Each drug constituted 
0.2 per cent of the diet, a concentration at least four times that which shows maximum 
actiWty in our routine e.xperiments (cf. discussion). The average free sulfadiazine concen- 
tration in the blood on the third day (one day after infection) was 7.0 mgm./lOO ml., with a 
range of 5.4 to 8.5 mgm.%. A level of 1 mgm./IOO ml. gives maximum actirity in our rou- 
tine drug tests. 

Parasite counts on the test birds were made immediately after they were inoculated. 
About one half of one per cent of the red blood cells contained parasites at that time, .addi- 
tional blood smears were made from each bird at twelve hour intervals thereafter. Except 
in a few instances where the parasites were too low in number, the counts were based on 
observations of fifty or more parasites, a number sufficiently large to insure a standard error 
of less than 10 per cent of the parasite count. Once each day a red ,bIood cell count was 
made on each bird and the parasite counts put on a volume basis, i.e., number of parasites 
per cubic millimeter of blood. In order to detect any influence the drugs might have on 
growth or reproduction, differential counts of the parasites were made. The parasites were 
classified by their size (in relation to the size of the nucleus of the infected erythrocyte) 
and also by the number of parasite nuclei present, as follows: class A) “small forms , i.e., 
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less than one-half the size of the erythrocyte nucleus; class B) smaller than the erythrocyte 
nucleus but larger than one-half its size ; class C) larger than the nucleus but with less than 
eight parasite nuclei; class D) parasites with more than eight nuclei. 

Results. The curves of the parasite populations throughout the test period 
are plotted in fig. 1. In fig. 2 are plotted the curves of the percentage of small 
parasites (class A) and the percentage of large parasites (classes C and D com- 
bined) with time. The intermediate class B is omitted for purposes of simplifica- 
tion. The life cycle of the erythro<ytic stage of Plasmodium gallinaceum is 
about thirty-six hours in length, as evidenced by the interval between the peaks 
of the curves of both the small and the large forms and the population growth 



TIME IN DOS 

Tio. 1. The Effect of SntrADiAZiNE and Quinine on Populations op P. Gallinaceum. 
Each Value Represents Five Birds 

of the controls. This confirms the earlier reports summarized by Beltran (6) 
and the recent report of Taliaferro, Coulston and Silverman (7). 

High levels of sulfadiazine did not completely suppress the growth of the 
parasites for at least tuo and one-half to three days (fig. 2). During this time 
there were two sharp drops in the percentage of small rings accompanied by 
two marked increases in the percentage of large parasites. In contrast, the 
parasites treated irith quinine remained small in four birds and did not develop 
beyond the four-nucleate stage in the fifth bird. Sulfadiazine did not prevent 
merozoitc formation or their invasion of erythrocytes as shown bj- the sudden 
increase in parasitemia and in the percentage of small rings between one and one 
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and one-half days, concurrently in the sulfadiazine treated birds and the 
untreated controls. 



O I 2 3 < 

TIME IN DAYS 

Fio. 2. The Effect of Sulfadiazine and Quinine on the Growth and SEOiiENTATioN of 
P. Gallinaceum, as Shown by the Percentage of Small and Large Parasites. 
Each Value Represents Five Birds 

However, sulfadiazine partially inhibited the first treated generation. Growth 
was not markedly influenced during the first twelve hours, but by twenty-four 
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hours parasites ivith eight or more nuclei constituted 10 per cent of the untreated 
populations and only one per cent of the treated ones. Furthermore, during 
the first two days the treated parasites only increased four-fold in numbers, 
while the untreated ones increased fifteen-fold. In parasites treated for 36 
hours, the average number of merozoites per segmenter was only 12.72 compared 
with 20.35 for untreated segmenters. (In both groups, 20 segmenters were 
counted in each of three birds. The standard deviations and the standard 
errors of the means were respectively 2.0 and 0.26 for the treated parasites, 
and 3.9 and 0.50 for the controls. The difference between the means is thirteen 
times its standard erfor and is therefore significant. On the contrary, the varia- 
tion within each group was not statistically significant.) Low merozoite num- 
bers account in part for the comparatively small increase following sulfadiazine 
treatment. Other explanations such as a reduction in the total number of 
segmenters, or in the viability of the merozoites cannot be evaluated with 
our data. 

The second generation of sulfadiazine treated parasites was apparently unable 
to complete the cycle of segmentation and reinvasion (fig. 2, after 1§ days). 
No parasites with more than four nuclei were seen after two days of treatment, 
and the percentage of small rings steadily declined. However, some growth 
occurred, since there is an increase in the number of large forms per mm’ from 
5,600 at 2 days to 16,700 at 3 days. The sulfadiazine treated parasites reached 
their population peak on the second day and declined to a sub-microscopic 
level by the fifth day, while with quinine, a sub-microscopic level was reached 
in only two days. The two drugs also differed in their morphological effects. 
With quinine many parasites were markedly abnormal by 24 hours, but not by 
12 hours. Even after three days of sulfadiazine treatment, marked morphologi- 
cal changes were absent. However, by this time the stains appeared less 
brilliant, the nuclei were not as sharply defined, and the parasites became 
rounded. 

The above experiment has been repeated with the same number of birds in 
the different groups, and the population curves completely confirm the original 
results. An additional experiment included five controls and five birds treated 
with only half the dosage of sulfadiazine, i.e., a 0.1 per cent drug diet giving 
blood levels of 3.5 mgm'./ml. The initial inoculum contained many large 
multinucleate parasites, and within the first day there was a ten-fold increase 
in parasitemia in both the treated and the control birds. Under these conditions 
therefore, sulfadiazine does not influence the invasion of erythrocytes by mero- 
zoites. The next cycle of population increase in the treated birds was only 
one-fourth that of the controls and thereafter parasitemia declined. Apparently 
the rate of inhibition is not altered markedly when the dosage of sulfadiazine 
is reduced from 0.2 per cent to 0.1 per cent in the diet. 

In the latter experiment five birds were treated with a 0.1 per cent drug diet 
of 2-Eulfnnilainido-5-bromopyrimidine, "bromodiazine.” This compound is 
more active than sulfadiazine on a blood level basis and is only partiallv reversed 
by para amino benzoic acid (unpublished data) which may indicate that its 
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mode of action differs from that of other sulfanilamides. Nevertheless, it is 
also slow acting, since differential parasite counts show that growth and segmen- 
tation are only partially inhibited even after two days of treatment. At this 
time, however, many parasites were morphologically abnormal, the segmenters 
had reduced numbers of merozoites, and parasitemia remained stationarj". 

We have also obtained some data on the rate of action of sulfadiazine and 
“bromodiazine” on the exo-eiythrocytic stages from sporozoite-induced infec- 
tions. Five-day old chicks were placed on drug diets and after one or two days 
inoculated intravenously with equal amounts of ground salivary glands from 
infected Aedes aegypti mosquitoes. At graded intenmls* after infection, the 
drug diets were replaced nith the stock diet. The untreated controls all had 
more than 10 per cent of their erythrocytes parasitized on the eighth or ninth 
day after infection. In the treated groups, similar parasitemia was not found 
before 12 days, and some birds were still negative on the eighteenth to the mne- 
teenth day. The latter were inoculated intravenously with infected blood at 
24 and 32 days, respectively, in the “bromodiazine” and sulfadiazine groups. 
They all became blood positive indicating the absence of acquired immumty. 
This increases the presumption that the parasites of the initial sporozoite- 
induced infection were completely eradicated, and for our present purposes 
these birds are classified as “completely protected.” 

The data (table 1) show that with 0.1 per cent diet of sulfadiazine maximum 
effects, i.e., “complete protection” were obtained vith four and one-half to six 
days but not with three days of treatment. With a 0.0125 per cent diet of 
“bromodiazine” maximum effects were not obtained even ivith five da}'S of 
treatment. With a higher concentration of “bromodiazine,” however, two to 
four days sufficed. The foregoing data suggest that sulfanilamides maj’ not 
only act slowly against the erthrocytic forms, but also against the other stages 
of the malarial organism. 

Discussion. Our results on the rapid action of quinine in Plasmodium 
galUnaceum confirm those of Taliaferro et al. (7) in this infection, and those of 
Waletzky and Brown (8), and of Hewitt and Richardson (9) in Plasmodium 
lophurae. The results on the early treatment of sporozoite-induced infections 
with sulfadiazine are in line with those of Coggeshall et al. (10) who found that 
when treatment began nine days after infection more than five days were nec- 
essary to cause disappearance of the exo-erthrocytic forms. 

The contrast in the speed of action of sulfadiazine and of quinine produces a 
characteristic effect in our routine blood-induced drug test. This test is very 
similar to that of Marshall et al. (3). In brief,50- to 80-gram chicks are inocula- 
ted intravenously with about 20 X 10' parasitized cells, one day after the birds 
have been started on a drug diet. Alternating three-hour light and dark periods 
are used. Four days after inoculation, untreated controls have 50 to 80 per 
cent of the red blood cells parasitized. Concentrations of 0.05 per cent qumine 
in the diet suppress parasitemia to less than 0.1 per cent (approximately the 
initial level of infection) while the same concentrations of sulfadiazine result m 
a parasitemia of about 0.5 per cent. Higher levels of sulfadiazine do not give 
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loiver counts. Our findings that quinine produces immediate stasis but that 
sulfadiazine does not prevent an initial increase in parasitemia, and that even 
after complete stasis elimination of the parasites proceeds slowly, seem to 
explain these results. Marshall and his co-workers (correspondence) have 
likewise observed that sulfanilamides do not depress parasitemia as much as 
quimne in their standard Plasmodium lophurae infections. From this and 
other observations they concluded that sulfanilamides act slowly in malaria. 

Bose and Fox (11) suggested that bacteria “might be capable of undergoing 
a definite, limited number of cell divisions in the presence of any effective drug 

TABLE 1 


Activity oj several sulfanilamides in sporozoite-induced infections of Plasmodium 

gallinaceum 


S&t7C 

Cil. DKUC/ 

100 at. 

Diet 

BLOOD 

LE\XL 

NO. or 
DAYS or 

TB£AT«ENT 
ATTLS IN- 
OCULAIIOK 

NO. 

COMPLETELY 

peotected/ 

TOTAL NO. 

INCTTBATION 
PESJOD® OP 
BIEDS NOT 
PBOtECTED 







Sulfadiazine* 



1.5 

0/5 

12 




3 

1/5 

16-18 




4.5 

4/5 

20 




6 

5/5 


Untreated controls* 




0/8 

8 

“Bromodiazine”'’ 


1.25 

2 


15 




4 


17 




5 

3/5 

19 



5.5 

2 

3/4 

18 




4 

4/4 





5 

4/4 


Untreated controls’' 




0/9 

9 


• Treatment started 2 days before inoculation. 

•’ Treatment started 1 day before inoculation. 

• Time in days from inoculation to peak parasitemia. 


concentration” of sulfanilamides. They found that Escherichia coli underwent 
3.6 to 6.85 ditusions during treatment with bacteriostatic concentrations of 
sulfathiazole. Our results are not directly comparable, because division is 
schizogenous in tlie malarial organism. However, a comparison on the following 
basis seems permissible: Tlie schizonts produced during the first one and one- 
half days in our test had an average of 12.7 merozoites, i.e., three to four ditisions 
occurred, while subsequently no parasites with more than four nuclei were seen 
i.e., not more than two further dixisions took place. Therefore, the equivalent 
of five to six divisions occurred under our experimental conditions. The close 
numerical agreement with Rose and Fox’s data is probably fortuitous, since 
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White and Himes in our laboratories (unpublished data) have found that 
Escherichia coli treated with sulfanilamides may divide fewer times under other 
conditions. However, the agreement in the order of magnitude still remains 
striking. It indicates that although the absolute time required for stasis with 
sulfanilamides may vary greatly, and is a function of organism size and growth 
rate, the relative “biological” time required for effective inhibition may be 
rather similar. If this is true for such widely different forms as bacteria and 
protozoa, it may also be valid within closely related groups. Plasmodium 
gallinacmm, for example, grows much more rapidly than Plasmodium vivax of 
man. (The former produces about 24 merozoites in 36 hours, the latter about 
16 merozoites in 48 hours.) If drug susceptibility and other factors were equal, 
it may require more time to produce inhibition in Plasmodium vivax than m 
Plasmodium gallinaceum. 

It seems likely that other chemotherapeutic agents will resemble the sul- 
fanilamides in their relatively slow rate of action, particularly vitamin analogues, 
which act by interfering with the synthesis or utilization of essential sub- 
stances. If the organism possesses stored reserves of such substances, complete 
inhibition may not occur until these are e.xhausted. This may explain the slow 
action of the sulfanilamides. 

The activity of slowly-acting compounds against larger organisms may be 
overlooked in short-term tests, particularly under unfavorable in vitro conth- 
tions. For example, a number of parasitic protozoa can be “cultivated” m 
vitro, but frequently the rate of growth and multiplication is greatly reduced 
below that in the normal host. This reduced growth rate may not only make 
it more difficult to demonstrate inhibition, but may also render the orgamsm 
less susceptible to inhibitorj'^ agents. Thus, liTiite (12) found that lowering 
the temperature decreased the activity of sulfanilamide and sulfapyridine 
against streptococci in vitro. 

Drugs which act quickly are essential for the therapy of the acute cliniMl 
phases of many diseases. In quinine and atebrin we have such antimalarial 
drugs, but compounds which could prevent or sterilize a malarial infection 
would be valuable. Such compounds need not act rapidly, since sulfadiazine 
can completely prevent a sporozoite-induced infection of Plasmodium gallin- 
aceum (5) and sulfanilamide and several derivatives can sterilize an infection 
of Plasmodium knowlesi (13). 

It would therefore seem desirable to prolong treatment and observation m 
both the laboratory and clinical testing of the protozoa, whenever it is possible. 
Such extended tests would not only be more sensitive to slowly acting com- 
pounds, but also to slight actmty in new tjqies of compounds. Although a 
compound with slight clinical activity would have no immediate practica 
significance, the demonstration of such activity may justify the sjmthesis o 
related compounds. 


SUMM.4RY 

1. a. The erjdhrocjdic stages of the malarial parasite, Plasmodium^ gallina- 
ceum, were treated continuously with large amounts of either sulfadiazine or 
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quinine and observed at frequent intervals to determine the rate of action of 
these drugs. 

b. Quinine completely inhibited growth and development of the parasites 
almost immediately in four out of five birds and in the fifth bird did not permit 
development beyond the four-nucleate stage. 

c. With sulfadiazine the first detectable retardation of growth occurred by 
24 but not by 12 hours. Development of the first treated generation proceeded 
to segmentation, but the average number of merozoites produced per segmenter 
was only 12.7 as compared to 20.3 for the untreated controls. These mero- 
zoites invaded erythrocytes but did not develop beyond the four-nucleate stage 
before complete inhibition occurred. 

d. With quinine the parasites never increased in number and by the second 
day had dropped below the initial count. With sulfadiazine there was a four- 
fold increase in parasitemia in the first two days, compared to fifteen-fold in 
the controls. The parasitemia declined to the initial level by the third or fourth 
day and dropped below it on the fifth day. 

2. The compound, 2-sulfanilamido-5-bromopyrimidine, also acts slowly. 

3. Sulfanilamides may also act slowly in sporozoite-induced infections since 
more than two days of treatment were required for majdmum efiects. 

4. It is suggested that the length of time required for effective inhibition by 
sulfanilamides and other slowly acting compounds increases as the growth rate 
of the organism decreases. This may have practical implications in chemother- 
apeutic trials. 
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Since the first report (1) describing an impure, penicillin-like, relatively 
non-toxic, antibacterial agent produced by a strain of Aspergillus flams, others 
have reported similar findings with another strain of Aspergillus flavus. McKee 
and MacPhillamj’’ (2) reported that a penicillin-like substance iwas obtained 
from deep cultures of White’s strain of Aspergilhts flavus, and later McKee, 
Hake and Houck (3) described some of its antibiotic properties and named it 
“flavicidin.” Aspergillus giganteus has been reported to produce a penicillin-like 
substance (gigantic acid) (4). These antibiotics have not been described as 
pure chemical substances. 

Our present report deals principally with progress in the production and 
purification of “fiavicin”. These studies have been restricted to the strain of 
Aspergillus flavus originally isolated by one of us (A. G.). 

Production and purification of flavicin. Culturing of the mold has been continued in 
‘the eame manner as previously described (1) except that in the medium lactose has been 
substituted for dextrose. Activity of the culture filtrates has not been improved greatly, 
reaching an average maximum of 15-30 Staphylococcus Dilution Units (about 1 to 2 O.xford 
Units) per cc. in about seven days. 

Assays generally are carried out as before by a serial dilution technique. The end-point 
is taken as intermediate between the highest dilution at which no visible growth occurs in 
all or nearly all of the tubes in 21 hours, and a higher dilution — usually 30 per cent higher 
at which visible growth does occur in most of the tubes. We use two to ten tubes at each 
of the two critical dilutions depending upon the reliability desired for the particular assay. 
The strain of Staphylococcus aureus used has been checked frequently against a standard 
sample of calcium penicillin (135 O.xford U. per mg.) and 15-18 of our Staphylococcus Dilu- 
tion Units (SU) are equivalent to one Oxford Unit. Occasionally activity has been esti- 
mated by the nitrite method (5) . For the serial dilution assays we have made our sterile 
filtrates through small Corning glass bacteria filters^ or specially made, modified (long-stem) 
Boerner filters (6) of stainless steel, of 5 cc. capacitj’, arranged for centrifugal filtration as 
shown in Figure 1, using standard 100 cc. brass cups. We have made several thousand of 
these filtrations (generally at lOOO to 1500 r.p.m., r = 10.5 cm.) with only a few breakages 
due to faulty test tubes. 

For ease of removal and replacement of cotton plugs and of centrifugal filters and to 

* Funds for carrying out this work were kindly supplied bj' the Mallinckrodt Chemical 
Works. 

’ These “UF” filters have about 0.3 cc. hold-up of water, and filter water at a rate of 1 cc. 
during 1-3 minutes when used in a centrifuge as described. Many filtrations have been 
made in succession without resterilizing and without apparent contamination, sometinms 
during periods of over a week; to do this it was necessary to remove nutrient matena s y 
washing the filter with water before allowing it to stand until the next re-use. 
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strengthen the tubes we have found it advantageous to flare slightly and “bead” the open 
ends of all our pyrex culture tubes. For aeeuracy of pipetting we try to make the sterile 



eitralcs contain 10-M SU per cc. and make appropriate dilutions in 5.0 cc. portions of 
sterile Difeo nutrient broth; our graduated pipettes have been modifled by making drawn 
. ground-off tips nhich are easily touched flush to the walls of the culture tubes 
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All filtrates are stored on dry ice. When they are melted for making the dilutions they 
are kept ice-cold until refrozen. 

Extraction of the culture fluid by means of a spray extraction column has been described 
in detail elsewhere (7) . A modification of the apparatus there described which is sometimes 
advantageous consists of a jet head with 15 holes of 0.32 mm. diameter used in conjunction 
with a pressure head of about 80-100 cm. of culture fluid. In extracting batches of 80- 
100 liters of culture fluid we have used about } this volume of n-butyl acetate or isopropyl 
acetate, and have extracted 3-liter portions of the acetate-extract successively’ with three 
100 cc. portions of 0.5N aqueous NaHCOj. When the pH of the first bicarbonate falls to 7 
it is retired and a fourth 100 co. portion brought in, and so forth. For about 90 liters of 
culture fluid a total of 600-900 cc. of 0.5N bicarbonate is required. The yield of SU is usu- 
ally about 50 per cent. This “crude extract” is kept on dry ice pending further studies. 
In such a non-sterile aqueous solution at 5°C. loss of anti-Staphylococcus activity may 
occur at a rate as high as 10 per cent per 24 hours. 

(By immediately re-extracting-the cold acid aqueous solution a further 10-15% recovery 
of SU sometimes can be obtained.) 

The concentrated crude aqueous extract obtained as described above, like 
that obtained with isopropyl ether^ (1), is very toxic to mice. For convenience 
we describe the toxicity of a solution in relation to the anti-Staphylococcus 
activity by the ratio SU/MU, where SU is the number of Staphylococcus Dilu- 
tion Units and MU is the number of Mouse Units. This “Mouse Unit” is 
defined as the LD50 per gram of mouse. (In our estimations of the number 
of MU we have not attempted to attain an accuracy’ of greater than ± 25%.) 
The crude extracts generally represent about 50% yield from the cultures (where 
the culture fluid had 15-35 SU/cc.) and contain 1000-2000 SU per cc. and about 
75-125 MU per cc. (SU/MU about 15-20) and have SU/mg.* about 50-100. 

With material from isopropyl ether extracts it was shown that much of this 
toxic material could be separated from the fiavicin. About 10% of the activity 
was obtained with SU/MU > 60. The low’ yields and low activity were due 
to incomplete separation and to high losses by inactivation. When acetate- 
extracted material was examined by this procedure it was found that there 
was much toxic material which w’as not separated from the flavicin. In the 
light of subsequent findings this was due to the presence of a second toxic fraction 
in much larger amounts than in the ether extracts. It has been found that 
from the acetate extracted material two very different toxic fractions can be 
separated from the flavicin by means of systematic multiple fractional extrac- 
tions with ethylene dichloride and aqueous solutions of controlled pH, or by 
chromatographic adsorption procedures. Application of these methods to 
crude extracts obtained with isopropyl ether also gave good recoveries of a 

• This ether is very dangerous on account of peroxide formation. Originally and before 
each re-use the peroxide is removed by shaking with excess aqueous SOj; the SO» is then 
removed by shaking the ether with excess aqueous NaHCOj. The ether may be redistiile 
before removal of the SOj. 

* The determination of the organic solute in mg. is carried out by extracting a 

tion of the aqueous solution at pH 2-3 with two or three volumes of isopropyl acetate (IF ) » 
evaporating this solvent, and weighing the residue. This process results in losses of 
S0%oftheactivity within 30-60 minutes at 25®, If ethylene dichloride (ED) is used ins ea 
of isopropjd acetate 80-100% of the activity may be recovered when the residue is re s 
solved in aqueous NaHCOi. 
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relatively non-toxic antibiotic which was apparently identical to the material 
from acetate extracts. 

Purification of flaviein by systematic multiple fractional extractions. The 
multiple fractional extraction method is discussed by Hunter and Nash (8), 
Morton (9), Craig (10, 11), and others. The following is a description of the 
development and application of this method to our problem. 


Our early fractionation results n-ere obscured by high losses of SU, which occurred prin- 
cipally in the aqueous solutions of low pH and to a lesser extent in the organic solvents. 
These losses were minimized by working rapidly at the lowest practicable temperature, 
0-5°C. It was found advantageous to complete the extractions, get the flaviein back into 
aqueous solution at pH 7-8 and put this on dry ice as soon as possible. 

It was possible to calculate, from data obtained from e.xperiments involving successive 
partial extractions and multiple fractional extractions, the approximate distribution coeffi- 
cients for two different toxic fractions and for flaviein. Diagrams 1 and 2 show the details 
of some of these experiments and some of the data for the following calculations of distribu- 
tion coefficients : 

(1) a toxic acidic fraction (A) very soluble in water (diagram 1, ED III and Aqli) 

MU of A per cc. Ethylene Dichloride _ 6 _ 0.13 where the water contains sodium 
MU of A per cc. water 44 ” phosphate-HiPOi mixture (0.3M) 

and has pH 2.S 

(2) a toxic acidic fraction (B) very soluble in Ethylene Dichloride (ED) (Diagram 1, 
ED I and ED II-ED III; Diagram 2) 

MU of B per cc. ED 200 _ about 200 where the water contains phosphate (0.3M) 

MU of B per cc. water 1 or NaCl (2%) and the pH is 2.5-3.5 (HjPO*) 

(3) flaviein (SU) (Diagram 1, ED I and Aqlc-ED I) (also Diagram 3) 

SU/ce. ED 1850 ^ s where the water contains phosphate (0.3M) and the pH is 2.5 
SU/cc. H,0 ” 380 (H.PO,) 

=•1 where the water contains NaCl (2%) and the pH is 3.S (trace 
of H.PO,) 

For a less crude fraction (300 SU/mg ) 

SU/cc. ED _ j45^ _ 0.12 where water contains 2% NaCl and the pH is 4.5 (obtained 
SU/cc. HiO ~ 375 by adding sufficient NaHCOj) 

SU/cc. IPA 900 _ 0 3» where water contains 2% NaCl and the pH is 4.5 (obtained 
Stl/cc. HjO "" 3000 “ by adding sufficient NaHCO,) 

These rough distribution coefficients made possible an approximation of the volume ratios 
of the solvents which would give a reasonable separation. 

Although it is possible to carrj- out the separations in one continuous series of extractions 
it is much easier (on a small laboratory scale) first to concentrate and separate most of 
the flaviein -1- toxic fraction B from most of the toxic fraction A; this allows the subsequent 
extractions to be carried out n ith much smaller volumes than otherwise would be necessarj'. 

The ratios of the volumes of the two solvents which n ill give a ‘'symmetrical separation” 
of the SU and A can be calculated from the appropriate distribution coefficients.* 


Volume ED 
Volume water 




6 X .13 


1.2 


‘ For more crude specimens of flaviein this coefficient is near I. This evidence that a 
second “flaviein" exists in the crude is more clearly shown in Diagram 1 by the liigh value 
for SU Aqli (Also in Diagram 3). 


• A general equation vasdcrivcdsomcsixycarsagobyThomas c.Bullcr: — ■ 

Vj c o 

a here C. and C, arc distribution coefficients of substances x and y between solvents 1 and 
2 Tilts volume ratio gives a “symmetrica!” separation. 
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■TOth this volume ratio it is easy to calculate from the distribution coefficients that SU 
and A should be separated to an extent of about 95% (with all the B in the “ED pool”) by 
the following procedure: (See Diagram 3) 

This initial separation (and concentration) is generally carried out with batches of 1 to 
2 liters of crude extract containing 1 to 4 millions of SU (about 2(M0 grams of acidic organic 

DIAGRAM 1 

Extraction of “Staphylococcus Units” and “Mouse Units” from a crude extract of 

A. flaous culture 

ED = Ethylene Dichloride 
IPA = Isopropyl Acetate 
SU = Staphylococcus Dilution Units 
MU = Mouse Units 

(1034 cc.) SU 1,340,000 
Aq lo MU 100,000 
pH 2.5 


I (520 cc.) 

Aq I, < >• ED I 

SU 960,000 
MU 50,000 

(503 cc.) 

Aq h •( V ED II 

SU 172,000 
MU 3,500 

(500 cc.)- 

Aq I, ■< > ED III 

SU 27,000 
MU 3,000 

(503 cc.) 

Aq I, < > ED IV 

SU 7,000 
MU 3,000 

(2 X 500 CO.) 

Aq I.i < > IPA 

SU 10,000 SU 30,000 

MU 45,000 

The cold acidified "crude extract” (Aq lo) was extracted in succession with four portions 
of ED, then exhausted by two portions of IPA, as shown. These extracts were separately 
exhaustively extracted with several small portions of 0.2N NaHCOi. The latter were 
combined in each case. Results of the assays are shown. For further discussion see text. 

solute from about 100-200 liters of Aspergillus flavus culture fluid). This aqueous solution 
is acidifled to pH 2.5-2.0 with HaP 04 and extracted as rapidly as possible with two portions 
of ethylene dichloride each 1.2 times the volume of the aqueous solution (or with three 
0.6 volumes of ED if the volume of aqueous solution is large). These ED extracts are kept 
separate and are extracted rapidly in order and in succession with a volume of 2% aqueous 
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NaCl equal to the original volume of acidified aqueous solution (or 0.5 this volume if 0.6 
volumes of ED were used). A pH of 2.5-3.0 after each of the extractions is maintained 
by adding HjPO< if necessary. 

The ED’s are combined and extracted with SO cc. of 0.40 N, then with SO cc. of O.lK, 
aqueous NaHCOj (shaking 3 minutes each time). The pH of each of these aqueous e.xtracts 
should be 7-8. They are combined (‘T3D pool”) and contain 75-90% of the SU, approxi- 
mately half the toxicity and 10-15% of the weight of organic solute of the crude e.xtract. 
Some solute and MU but no SU are left in the ethylene dichloride. If desired the organic 
acids in the aqueous acid solutions can be extracted by isopropyl acetate (3 equal volumes) , 
then into N NaOH solution in sufficient volume to give at equilibrium pH 7.5-8.5. The 

DIAGRAM 2 

A crude aqueous solution of fiavicin and toxic fraction B was acidified to pB S.B and extracted 
with two equal volumes of Ethylene Dichloride (ED) 

These were combined (48 cc.) and extracted with 250 cc. portions of 2% aqueous NaCl 
as follows: 


ED lo SU = 140,000 Staphylococcus Dilution Units 
I MU ■= 10,500 Mouse Units 


ED I,f 

ED I,< 

1 

ED I,-« 

ED !.■< 

SU 400 
MU 10,000 


Aq 

I (pH 4.8) 


SU 

90,000 


MU 

300 

Aq 

II (pH 5.7) 


SU 

18,000 


MU 

300 

Aq 

HI 

(pH 6.4) 


SU 

3,000 


MU 

300 

Aq 

iv (pH 6.3) 


SU 

1,000 


MU 

300 


The cold solution ED lo was extracted in succession with four portions of aqueous 2% 
sodium chloride solution, as indicated; after this the ED I4 was shaken with 3 X 10 cc. of 
O.IN NaHCOj. The solute was concentrated from the aqueous phases by extraction with 
IPA, then taken into small volumes of 0.2N NaHCOj. The toxic fraction B is mostly 
retained by the ED, while the fiavicin is extracted by the salt solution. For further discus- 
sion see text. 


"Aq pool” contains about 10% of the SU, half the toxicity and 80-85% of the weight of 
organic solute of the crude extract. The aqueous alkaline extracts called "ED pool” and 
“Aq pool” are kept on dry ice pending further treatment. 

Calculations based on the distribution coefficients show that SU and to.xic 
fraction B can be separated by a simple multiple fractional extraction using 
two portions of ED each 1.0 volume, and two portions of aqueous 2% NaCl 
pH 3.S, each of about 14 volumes. If the volumes of ED must be larger thail 
about 100 cc. or if more than 100,000 SU are present it is desirable to limit the 
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DIAGRAM 3 

Purification of fiavicin hy multiple fractional extractions 

Crude Extract (25% yield from cultures) 

SU 0.55 X 10’ — Staphylococcus Dilution Units 
MU 130,000 — Mouse Units 
mg. 19,500 — milligrams 

This representation of the distributions of SU, MU and mg. gives a view of the nature 
of the crude extract. It is shown by other experience, and is indicated by these data that 
the MU retained in the main fraction (IPA II,) would have been almost completely removed 
if one or two more “Aq’s” (low pH) and possibly one more “ED” had been used. (See 
Diagram 4.) 
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volume of aqueous 2% NaCl to about 1500 cc. and maintain a pH of 4.5 with 
appropriate additions of NaHCOj. It has been found advantageous (in obtain- 
ing a less impure product) to combine this series of extractions with a repetition 
of the first series. 

The modified procedure is carried out at 0-8°C, as follows (for e.xample see 
diagram 4, page 270). 

About 100-600 cc. of aqueous solution “ED pool” containing about 10,000 to 50,000 SU/ 
cc. (about 20-100 mg./cc.) is acidified to pH 2.5-2 with HjPO< and extracted as quickly as 
possible with three portions of ethylene dichloride each equal in volume to the aqueous solu- 
tion. The three ED’s are extracted in order and in succession with an equal volume of 2% 
aqueous NaCl containing about 5 millimols HjPO< per liter (pH 2.5-2.0). It is 
advantageous to carry through in like manner a third (and possibly a fourth, etc.) acid 
aqueous solution. If it is desired to recover only flavicin these Aq’s are discarded. Some 
activity and toxicity can be recovered from them by extraction with IPA, then by extraction 
of the latter with bicarbonate. 

The three ED’s are now shaken in order and in succession with two 1600 cc. portions of 
2% aqueous NaCl. If (for convenience) the volume ratio is > 1/14 (i.e.; 1/7 to 1/2) the pH 
of these aqueous la 3 ’ers (“HiO I” and “HjO II”) is kept near 4.5 by adding portions of N 
NaHCO) as needed to give this pH value after equilibrating with each ED. Finally these 
aqueous solutions usually contain respective!}' 80-85% and 10-15% of the original SU. 
The three ED’s contain practically 100% of the toxic fraction B and less than 2% of the SU 
of the “ED pool.” 

The antibiotic material is obtainable by acidif}'ing HtO Ij and HiO IIj to pH 3-2 with 
HjPO) and extracting successively (quickly) with two 1500 cc. portions of IPA. These may 
be kept separate if desired. The IPA gives up the flavicin quantitatively to three 20 cc. 
portions of .2N NaHCOi (shake each for 3 minutes, pH 7-8, 30-60 minutes for each separa- 
tion). The antibiotic so obtained usually has SU/mg, 1500-2500, SUAHJ > 1000 (mice show 
no symptoms for 24 hours after receiving intraperitoneally 600 mg./kg.). 

It has been found that the SU/mg. is raised considerably if instead of stopping the multi- 
ple fractional extraction process at the stage HjO I> and H^O II,, a new fractiona- 
tion is introduced by extracting these in succession with several small (0.05 to 0.1) volumes 
of IPA while the pH of both aqueous phases is relatively high. It is generally necessary 
to add small portions of H,PO, to keep the pH values down to 4.5 after equilibration with 
each IPA. It the pH of the H,0 phases falls much below 4,5 these acetates take out more 
SU than is desirable. After carrying through “IPA I,”, "IP.A II.” and “IPA HI,”, the 
main fraction of SU is obtained as described above. 


In diagram 4 a tj^ical multiple fractional extraction process as described 
above is illustrated. The total time required for these operations is 4-8 hours 
when all fractions are saved. "Aq lo” was made up of eight “ED-pools ” 
each of which was obtained as described in the foregoing. The total volume 
of Aspergillus flams culture fluid represented is appro.ximately 700 liters. 'The 
main fraction “IPA IV,” has 3000 SU/mg. (200 0:rford U./mg.), and the fraction 
“IPA V,” has 2000 SU/mg. Th^ were combmed and again put through the 
series of extractions as shown in diagram 4. The main fraction of 4.5 x 10* SU 
weighed 900 mg. (5000 SU/mg.). Two more such treatments (using onlv 
“IPA TAW’ each time) gave 2.2 X 10* SU and ISO mg. (12,000 SU/mg ) The 
total recovery of SU m all fractions was 85-100% each time the material was 
processed. TOmntlm batch of 2 2 X 10* SU was put through the process the 
main fraction (IPA I\ ,) weighed lOr mg, and had 12,000 SU/mg. The sum 
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DIAGRAM 4 

Purification of fiavicin by systematic multiple fractional extractions 
SU = Staphylococcus dilution units 
MU = Mouse units 
mg. = Milligrams 

The material in “Aq lo” is a mi.-rture of many small batches of “ED pools” from which 
most of the toxic fraction A has been removed. Details not shown are described in the 
experimental part. The overall loss of MU may be partly due to decomposition, and 
partly to errors of assay. Loss of SU is largely due to decomposition (chemical inactiva- 
tion) — this amounts to approximately 15-20 per cent in this case. 


sufiexroC fcrsec) 
MO 91,000 Aq I 
mg 9,500 o 


feiocc) 

5PIo 



SU 04 \ >o' 
MU < 600 
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of the STJ in all fractions was, however, only 1.85 X 10® (84%), and thus it 
appears that the apparent constancy of the SU/mg. is not necessarily indicative 
of purity; the loss possibly just balanced what otherwise would have been an 
appreciable increase in SU/mg. 

The problem of the further purification of flavicin is being studied. 

The purification of fla^dcin or penicillin obtained from urine can be quickly 
carried to 4000-8000 SU/mg. by the procedure as described. Over one million 
O.xford Units of crude material can be handled at once in the volumes sho^^'n. 

The actual value of SU/mg. attainable by a given number of fractional extrac- 
tions varies, of course, with the relative amount of inactive material originally 
present. Cultures of relatively low activity and/or relatively low yields (high 
losses by decomposition may lead to the fonnation of closely related inactive 
substances difficult to separate from the flavicin) during the manipulations give 
relatively low values to SU/mg. at any given stage. Our many efforts to raise 
the initial yield (extraction from the culture) have faded and in general 50% is 
the best we can attain. Our early report (1) of yields of 7fi-100% it now seems 
was based partly upon relatively less accurate assays, but was also associated 
uith cultures of somewhat lower activity. 

Through our many e.xperiments there runs strong evidence that there is more 
than one penicillin-Uke substance (one extremely labile, the other moderately 
labile) present in our cultures. The facts that suggest this are: 

(1) Loss of activity in specimens of our usual culture fluid (about 30 SU/co.) 
at 0°C. and pH 3—4 occurs at a veiy high rate until 25-50% loss is reached 
(about 120 seconds), then at a relatively low rate. (Certain other specimens 
of culture fluid lose activity much more slowly.) 

(2) In the fractionation of “crude e-xtracts” containing 50% yields from 
culture fluid of actmty 35 SU/cc. there is a relatively large amount of active 
material (perhaps 15-20%) in the first aqueous phase after the several ED 
extractions. Subsequent fractionation of the “ED pool” does not show this 
fraction (i.e., active material with relatively high distribution into the aqueous 
phase at pH 2.5). Fractionation of crude extracts contairung only 25% yields 
from the cultures give little of this fraction (diagram 3). Old cultures (15 days) 
of low activity probably contain relatively more of the more stable land of 
flavicin, which would lead to high jrields in the crude extracts. Similarly, 
young cultures (6-8 days) may contain relatively more of the less stable kind 
of flaricin, and this ma 3 ' be associated with the low yields in our crude ^.xtracts. 
Both age and composition of medium probablj' influence the relative amounts 
of these substances (and others, such as aspergillic acid (3)) in the cultures. 
iVc have not made a sj'stematic analj-sis of these factors. 

There is an analogy between this behavior and that of crude extracts from 
shallow cultures of PcniciUhiin notaium (Fleming) (American Tj-pe Culture 
Collection strain), grown on the Czapek-Dox-com-steep medium. Here the 
ricld in the initial extraction is higher (about 80%) but there is some 10-50 
times as much activity present in the cultures (the total amount of organic 
acids in the crude extracts is approximately the same as in those from the cultures 
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of A. flavus). Fractionation of the crude extract by the extraction process 
separates two active fractions rather sharply, one accumulating in the ethylene 
dichloride and the other in the aqueous solution of low pH. Our evidence 
indicates that the latter of these is the more labile under these conditions and 
amounts to about 30-40% of the activity of our crude extracts. Further 
fractionation of the former fraction gives nearlj'^ quantitative recoveries (rela- 
tively stable) and high SU/mg. ( > 8,000). Similar pictures have been obtained 
in the fractionation of crude penicillin from urine of patients. 

Discussion of the multiple fractional extraction method. This method has 
been applied in this laboratory to the separation and identification of alurate 
and narconumal in crude extracts of urine (12) to the separation of several 
degradation products of evipal found in extracts of urine (13), and to other 
problems. If one is searching for known compounds in unknown mixtures one 
can make use of appropriate distribution coefiScients to calculate separations 
by fractional extraction. Thus in the case of alurate and narconumal it was 
possible to calculate a quantitative separation which when carried out gave 
two narcoticaUy active fractions. From one of these alurate was' crj'stallized. 
The distribution calculations indicated that the narcotic activit 3 '' of the other 
fraction was not due to alurate but rather to narconumal, although it could 
not be crystallized. (It is to be remembered, of course, that other solutes may 
alter the distributions; but this can usuallj’- be minimized by ivorking with 
dilute solutions.) 

If one is attempting to isolate new substances which can be assayed biologi- 
cally, appropriate distribution coefficients can often be found by means of such 
assaj's. To separate a substance from a mixture it is very advantageous but 
not always necessary to know the distribution coefficients of other components 
of the mixture. A considerable separation can often be achieved simplj' by 
adjusting the volumes of two appropriate imndscible solvents so that after the 
first extraction about 25% of the material is in one or the other solvent, and 
after a number of extractions most of the desired substance has accumulate 
in one of the solvents; then starting all over again ndth a different volume ratio 
such that the desired substance accumulates in the other solvent. If a mixture 


consists of several very closely related substances, any slight differences m 
distribution can be greatly multiplied by cariying the fractional extraction 
process to an advanced stage — say 50 to 500 extractions. In some such cases 
we have obsen'ed that certain intermediate fractions may' show properties 
distinctly different from the fractions on either side. These fractions can be 
isolated and studied further (for example, re-ciystallized). For application 


of this procedure to analytical purposes see Craig (10, 11). 

The general method is adaptable as a fine analytical tool for demonstration 
of chemical homogeneity, or lack thereof, and for obtaining evidence as to the 
identity of known substances occurring in unknown mixtures (Craig, l.c.). 1 
is often possible to do these things ■without ever isolating the chemical sub- 
stance (s) in question. For example, the application of the method describe 
to crude penicillin shows immediately that — as obtained from shallow cultures 
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of P. nolalum on Czapek-Dox medium containing com steep water — ^at least 
two active “penicillin-like” substances are present. 

It should be possible to produce flavicin or penicillin of relatively high purity 
by adaptation of the discontinuous multiple fractional extraction method to a 
series of continuous counter-current extractions. 

Purification of flavicin hy chromatographic adsorption. It was found that 
chromatographic procedures employing impregnated silica gel (14) (15) (16) and 
acidified alumina (17-19) in succession, effect a remarkable separation of the 
antibacterial material from most of the other substances present in the cmde 
extracts of our Aspergillus flavus cultures. It was found advantageous to use 
an IPA extract of the “ED pool” material described elsewhere as a starting 
point instead of beginning directly with an IPA solution of the crade extract 
material. The latter point has been used, and with good results, but the great 
reduction in solid materials with little attendant loss in antibiotic activity ac- 
complished in obtaining “the “ED pool” makes this the more logical place to 
begin. The earliest work was done ivith the IPA solution of the crude extract 
and from this solution it was possible to separate in considerable amounts two 
different toxic materials from the flavicin. One of these toxic materials is 
largely removed in making the “ED pool.” 

The silica gel used was prepared from commercial water glass (Merck) accord- 
ing to the method of Martin and Synge (14) omitting methyl orange and using 
an external indicator. After drying it was screened so that 75% was 60-100 
mesh size. The alumina used was "Fisher Adsorption Alumina” (Fisher 
Scientific Company). 

impregnated silica-gel column. The “ED pool” containing 800,000-1,500,000 SV ia acidi- 
fied to pH 2.5 and the acidic materials are taken into approximately 50 cc. of IPA (two 20 
cc. and one 10 cc. portions) The IPA solution is then put through an impregnated silica 
gel column (16, 16). The silica is packed into a tube having an inside diameter of 15 mm.; 
1 gra. of silica produces a column height of about 2 1 cm. Usually a total of 18 gm. of silica 
vas used. The column holdup is determined beforehand by passing IPA saturated with 
water through it 

Our best results, as described below, were obtained by impregnating the silica ivith our 
modification of a method which has not yet been released for publication by others. 

When the IPA solution has all entered the column the latter is then developed with 270 
cc. of IPA saturated with water. Three percolates are taken. The first percolate has a 
volume equal to the holdup of the column plus the volume of the IPA solution of the ex- 
tract. No color appears in the percolate until the holdup is exceeded. The second perco- 
late has a volume of 35 cc The tlurd percolate contains all the rest of the IPA solution 
coming through the column, 217-225 cc The column at this stage has a dark brown zone 
at the top extending downwards some 5-7 cm. Below this zone the color tends to shade off 
to a light brown and then to a dirty yellow and finally to a uniform yellow color. The 
column IS extruded and broken into three segments The bottom and middle segments are 
15 cm each, while the top one is 7 to 10 cm., depending upon the original length of the col- 
umn This latter fraction is the one containing the dark brown zone. 

The percolates arc extracted w ith 1 X 8 0 cc. of 0 4X NaHCO, and 2 X 8 0 cc of 0 2N 
NallCO) The pH is 7-8 after each extraction. 

The segments, or fractions, of the column arc placed in beakers containing 10 cc of N 
NallCOj and are allowed to stand for 5-10 nun. At the end of this time the contents of the 
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beakers are transferred to small Buchner filter funnels and the NaHCOj solution removed 
by filtration. The silica is washed on the filter four times with sufficient water to make a 
fine slurry. Washings and NaHCOj extracts are combined. 

The first percolate contains only a small percentage of antibiotic material but a major 
portion of toxic material (fraction B). The second percolate contains a fair amount of the 
toxic material and slightly more antibiotic material than the first. The third percolate 
contains the major portion of the antibiotic material and little, if any, of the toxic material. 
(It may contain some if the “ED pool” is not used as a starting point). The segments of 
the column usually do not contain anj’ appreciable amount of antibiotic material — occasion- 
ally the bottom segment contains a small amount. The top segment contains a fair amount 
of toxic material (probably fraction “A”) with lesser amounts in the other two segments). 

The distribution of solid materials is especially interesting. Over 50% of the solids 
originally present in the ED pool are collected in the first percolate and the top segment 
of the column with approximately equal distribution between these two. The third perco- 
late contains some 10% of the total solids and 85-100% of the SU originally present. It 
possesses a slight yellow color. 

The material in the third percolate has on the average an activity of about 150 Oxford 
Units per milligram. 

Add alumina column. An alumina column is prepared by placing 50 gm. of Fisher s 
Adsorption Alumina in a tube having an inside diameter of 15 mm. This produces a column 
38 cm. in height. Fifty cc. of 2.5N acid (HCl or HiSOj) is then allowed to run through. 
Afterwards the column is washed with water until the washings coming through have pH 
4.0-4.1 (17-19). 

When the above pH has been reached the 24.0 cc. of NaHCOj extract of percolate three 
above is put through the column. The column is then developed and eluted with 100 cc. 
of distilled water. Three percolates are taken. The first percolate has a volume of 36 
cc. — column holdup plus 2.0 cc. The second percolate has a volume of 50 cc. and is a light 
straw color. Color begins to appear in the first few cc. of this fraction. The last 5-10 cc. 
of this second percolate has little color. The third percolate is made up of the rest of the 
aqueous solution coming through the column — usually about 45 cc. Two cc. of N NaHCOi 
is added to each of the three percolates to bring the pH to 7-8. The column at the end of 
elution shows only a dark brown zone at the top. 

The column can be washed up as one segment in the same way as a silica gel column frac- 
tion is treated, but this is usually not worthwhile as it contains no appreciable antibiotic 
activity. 

The first and third percolates and the extract of the column do not show anj' antibiotic 
activity worthy of note. The second percolate contains almost all the original activit}’. 
The activity per milligram of this material is 300-350 Oxford Units. 

Repeated use of the above two columns on the partially purified flavicin 
yields a product of greater purity. To date the highest degree of purity we 
have attained is approximately 800 O.xford Units per milligram. 

Properties op the toxic practions. The bicarbonate solutions (“crude 
extracts”) obtained from isopropyl ether extracts of the culture fluid gave on 
acidification a precipitate (1) : this contained much of the toxicity and some of 
the antibiotic activity. Purification of this material has not been pursued 
beyond the demonstration that it shows an antibiotic activity which is not due 
to flavicin as an impurity. It is soluble in ether and ethylene dichloride, insoluble 
in water, readily soluble in cold aqueous NaHCOj (0.2N). It has 25 SU/mg. 
and 40 MU/mg. and the ratio of SU/mg. to B. subtilts U/mg. is sign^cantl}' 
different from that of flavicin. These properties are probably due only in small 
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part if at all to "Aspergillic Acid.” The to-xic fraction B obtained from the 
acetate extracts has not been purified. In the crude state this has some slight 
antibiotic activity apparently not due to flavicin and LD50 for mice of about 
25 mg./kg. The tojdc fraction A in the crude state has LD50 for mice of 250 
mg./kg. Several recrystallizations of this material (the fraction Aq I3 repre- 
sented in diagram 3) from IPA and from benzene, alternately, have led to a 
10% yield of an apparently pure colorless substance, having m.p. 67.5-68.5°C. 
oorr. Electrometric titration with NaOH shows two apparent ionization 
constants; pKjl 3.7 and pKj 9.1. The first break in the titration curve indicates 
a neutralization equivalent of 124. This substance seems to have no antibiotic 
activity. 

Further study of these materials is under way. 

PaoPERTiES OP FLAVICIN. Activity of flavicin in vivo. Our earlier report (1) 
described the protection of mice against certainly-fatal doses of pneumococci 
by our then very crude flavicin. With slightly larger amounts of much less 
crude material (150 O.xford TJ./mg.) we have with single doses of flavicin com- 
pletely protected mice against certainly-fatal doses of pneumococci. Flavicin 
of this, or somewhat higher purity produces no apparent toxic effects in mice 
when given intraperitoneally in doses of 1 gm./kg. 

A sensitive test for the irritating properties of drugs is the effect after intrathe- 
cal injection on the cerebro-spinal fluid cell count. Dr. Cobb Pilcher has kindly 
tested a sample of flavicin (150 Oxford U./mg.) by the technique which he and 
his co-workers have developed in dogs (20) and found that single intrathecal 
injections of 500 Oxford U. in 1 cc. of isotonic solution at pH 7.4 in each of 3 
dogs caused a rise in the cell count of no more than occurred in controls from 
the injection of saline. 

Clinical use of flavicin. Only a few months ago when penicillin was scarce 
many opportunities arose for the use of flavicin in human patients. Unfortu- 
nately far too little was available for a single satisfactory course of treatment. 
In one case of severe Staphylococcus aureus septicemia with multiple abscesses 
throughout the body some 20,000 Oxford Units (300 mg.) of flavicin (the total 
available supply) was given in several doses during 24 hours, and the number 
of Staphylococci in the blood fell from over 200 to about 6 per cubic mm. The 
next day penicillin arrived and the patient was continued on this drug. Another 
patient with a spinal abscess and septicemia due to a Staphylococcus aureus was 
given some 15,000 O.xford Unit? of flavicin in three doses during 24 hours, and 
the number of Staphlococci in the blood w-as reduced from some 200 to about 
3 per cubic mm. This patient eventually recovered through treatment with 
much larger amounts of penicillin, but the clinical opinion was that death would 
have occurred within 24 hours if flavicin had not been given. 

Comparison of flavicin and penicillin. Because of their great similarity in 
physico-chemical and antibiotic properties we have made some careful com- 
parisons of our “flavicin” with "penicillin” obtained from shallow cultures of 
Paiialhum uotatum (Fleming) grown on the same medium and purified to the 
same degree (500 Oxford U./mg.) by the extraction processes. The purification 
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thus eliminated from bolh specimens the more labile active substance (s) which 
were present originally, the active substance (s) which have a relatively low 
distribution ratio between ethylene dichloride and aqueous salt solution of 
pH 2.5 and any active substances which have a high distribution ratio between 
ethylene dichloride and aqueous salt solution at pH 4.5 (for example, aspeigillic 
acid-like substances). 

.These specimens of flavicin and penicillin could not be certainly differentiated 
by measurements of distribution coefficients between ethylene dichloride and 
aqueous 2% NaCl at pH 2.90 or at pH 4.80, or between isopropyl acetate and 
aqueous 2% NaCl at pH 4.2. The accuracy of these comparisons was limited 
by the error of our assays, about ± 15%, If this error could be reduced suffi- 
ciently this method of comparison of distributions between immiscible solvents 
would be excellent for the demonstration of probable identity or lack of identity 
of these chemical substances — ^without isolating them (cf. Craig, l.c.). 

No significant difference could be detected between “penicillin” and “flav- 
icin” when they were examined by the chromatographic procedures outlined 
previously. 

These specimens and a crude specimen of the more labile and more water- 
soluble “penicillin” also showed the same antibacterial spectrum when tested 
against Staphylococcus aureus, Streptococcus kemolyticus, B. anthracis and B. 
suhtilis, and all were relativel 3 ’- inactive against Pseudomonas pyocyaneous and 
E. coli. Because of the great labor otherwise involved these comparisons were 
not done with sufficient accuracy to show whether differences smaller than 
25% exist. 

It is then clear that flavicin and penicillin obtained and purified as described 
above are very closely related, possiblj' identical, substances. Comparison 
of pure gjecimens by more accurate methods is required to demonstrate whether 
they are identical. 

In their recent paper (3) McKee, Rake and Houck describe the production, 
by various strains of Aspergillus flavus grown in submerged cultures, of two 
antibiotic substances, the aspergillic acid of WTiite (21) (3) and flavicidin, a 
penicillin-like substance. In these cultures the one or the other type of antibiotic 
activity predominated, according to the nature of the medium. 

Although the fla^dcidin described was not pure (maximum activity mentioned, 
214 Oxford U./mg.) its chemical and antibacterial properties and low to.xicity 
indicate that it is very similar to, or identical with, “flavicin” and “penicillin 
The differentiation or identification of the two or more kinds of “flavicin, 
the two or more kinds of “penicillin,” and “flavicidin” (more than one kind?) 
will require study of more highly purified specimens. 

SDIIMAKY 

The application of systematic multiple fractional extraction methods and of 
chromatographic adsorption procedures to the further purification of flavicin 
is described. Flavicin having activity of 12,000 Staphylococcus Dilution 
per mg. (800 Oxfoi-d Units/mg.) has been obtained by both methods. This 
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material is probably not yet pure. The toxicity in mice of specimens of flavicin 
having 200-300 Oxford U./mg. is so low that 1000 mg./kg. mtraperitoneally 
produce almost no symptoms. Some pharmacological effects of flavicin are 
described, including beneficial results in two human patients suffering from 
Staphylococcus septicemia. 

Flavicin and penicillin, both purified by the same method to an activity of 
500 Oxford Units per mg., are very similar in their chemical and antibiotic 
properties. Further studies of more nearly pure specimens wUI be required to 
demonstrate whether they are identical or not. 

We are greatly indebted to Miss Rebecca Taylor and to Miss Charlotte Ward 
for both chemical and bacteriological asastance. 
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thus eliminated from holh specimens the more labile active substance(s) which 
were present originally, the active substance(s) which have a relatively low 
distribution ratio between ethylene dichloride and aqueous salt solution of 
pH 2.5 and any active substances which have a high distribution ratio between 
ethylene dichloride and aqueous salt solution at pH 4.5 (for e.vample, aspergillio 
acid-like substances). 

•These specimens of flavicin and penicillin could not be certainly differentiated 
by measurements of distribution coeflScients between ethylene dichloride and 
aqueous 2% NaCl at pH 2.90 or at pH 4.80, or between isopropyl acetate and 
aqueous 2% NaCl at pH 4.2. The accuracy of these comparisons was limited 
by the error of our assays, about ± 15%. If this error could be reduced sufB- 
ciently this method of comparison of distributions between immiscible solvents 
w'ould be excellent for the demonstration of probable identity or lack of identity 
of these chemical substances — without isolating them (cf. Craig, l.c.). 

No significant difference could be detected between “penicillin” and “flav- 
icin” when they were examined by the chromatographic procedures outlined 
previously. 

These specimens and a crude specimen of the more labile and more water- 
soluble “penicillin” also showed the same antibacterial spectrum when tested 
against Staphylococcus aureus, Streptococcus hemolyticus, B. anthracis and B. 
suitilis, and all were relatively inactive against Pseudomonas pyocyaneous and 
E. colt. Because of the great labor otherwise involved these comparisons were 
not done vdth sufficient accuracy to show whether differences smaller than 
25% exist. 

It is then clear that flavicin and penicillin obtained and purified as described 
above are very closely related, possibly identical, substances. Comparison 
of pure specimens by more accurate methods is required to demonstrate whether 
they are identical. 

In their recent paper (3) McKee, Rake and Houck describe the production, 
by various strains of Aspergillus flaviis grown in siibmerged cultures, of two 
antibiotic substances, the aspergillic acid of White (21) (3) and flavicidin, a 
penicillin-like substance. In these cultures the one or the other type of antibiotic 
activity predominated, according to the nature of the medium. 

Although the flavicidin described was not pure (maximum activity mentioned, 
214 O.xford U./mg.) its chemical and antibacterial properties and low 
indicate that it is very similar to, or identical with, “fla^^cin” and “penicillin 
The differentiation or identification of the two or more kinds of “flavicm, 
the two or more kinds of “penicillin,” and “flavicidin” (more than one land?) 
will require study of more highly purified specimens. 


SUSCIIAKY 

The application of systematic multiple fractional extraction methods and of 
chromatographic adsorption procedures to the further purification of flavncm 
is described. Flavicin having activity of 12,000 Staphj'lococcus Dilution Ito^ 
per mg. (800 Oxford Units/mg.) has been obtained by both methods. This 
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material is probably not yet pure. The toxicity in mice of specimens of flavicin 
having 200-300 Orford U./mg. is so low that 1000 mg-Ag- intrapeiitoneally 
produce almost no symptoms. Some pharmacological eSects of flavicin are 
described, including beneficial results in two human patients suffering from 
Staphylococcus septicemia. 

Havicin and penicillin, both purified by the same method to an activity of 
500 Oxford Units per mg., are very similar in their chemical and antibiotic 
properties. Further studies of more nearly pure specimens mil be required to 
demonstrate whether they are identical or not. 

We are greatly indebted to Miss Rebecca Taylor and to Miss Charlotte Ward 
for both chemical and bacteriological assistance. 
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The purpose of this paper is to describe a procedure for estimating the potency 
of epinephrine solutions. Certain statistics, calculated from a series of assays 
performed in the manner to be described, are presented and discussed nith 
relation to the maintenance of a "state of statistical control” in the assay techmc. 

Various procedures designed to facilitate the calculation of potency of drugs 
assayed biologically rrith a graded dose response have appeared frequently in 
the recent literature (1-S). These procedures are designed to prordde for an 
estimate of the most probable potency and for the determination of the eimeri- 
mental error involved. The assay design to be described below is based upon 
the precepts of Bliss and Marks (6, 7) and follows a simplified method of calcu- 
lation devised by Bliss (8). 

One of the restrictions involved in the application of an assaj”- design of this 
type is that it nill applj' only to graded dose assays where the response has a 
linear relationship to some function of the dose. Hjort, de Beer and Randall 
(9) reported a linear relationship between the response of the dog's blood pressure 
and the logarithm of the dose of epinephrine when the doses employed were 
sufficient to elicit responses greater than 30 mm. Hg. In the present investiga- 
tion, the dosages employed were such that the responses were irithin the range of 
30 to 80 mm. Hg, and in many assays the doses were restricted to produce pres- 
sure rises of between 30 and GO mm. Hg, as is specified by the XJ.S.P. XII (10). 


Method. The assay procedure as evolved is as foDou s. A dog of medium size is anes- 
thetized, arranged for recording carotid blood pressure, and the vagal receptor mechanism 
paralyzed according to the methods described in the U.S.P. XII (10). Several trial doses 
of diluted reference standard epinephrine are administered at regular intervals of time to 
determine the doses necessary to produce consistent rises in pressure of betmeen 30 and SO 
mm. Hg. From these observations, a dose of diluted standard which will elicit a rise m 
blood pressure of between 30 and 45 ram, Hgis selected and designated as Si, and twice this 
dose is designated as Ss. The concentration of unknown is adjusted to be equivalent to 
that of the standard as nearly as possible. Two doses of unknown dilution equal in volume 
to those of the standard are selected and designated as Ci and respectively. The ratio 
iSiiiS! and Vi'.Ui does not necessarily have to be 1:2. Experience indicates that responses 
beta'een 30 and SO mm. Hg are most frequently obtained with this ratio. Regardless o 
what dosage ratio is selected, however, it must be the same for both standard and unknoa n, 
i.e., Si-.S. = Ui-.U-,. 

The selected doses of standard and unknown are administered as sets, each set containing 
all four doses. The four doses within each set are assigned in random order so that all four 
doses have an equal chance of being assigned to any position within the set. As many se 
are employed as is necessary for the required precision. Usually four sets are sufficieiit o 
give satisfactory results, although more may be given. The doses are administere a 
constant intervals of not less than five minutes or at longer intervals depending upon e 
time required for the blood pressure to return to its former level. 
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Needless to say, the technic employed to measure the responses must be consistent 
throughout the assay procedure. The practice followed in these experiments (using an 
ink writing stylus) was to measure the height of each rise in blood pressure on the kymo- 
graphic tracing with a millimeter ruler. The difference between the mean systolic pressure 
immediately preceding a given dose and the maximum rise produced by the dose were the 
extremes measured. Using a U-type mercury manometer this difference, when multiplied 
by 2, gives the actual rise in pressure in mm. Hg. 

Eesblts. Table 1 includes the protocol of a typical assay and table 2, the 
calculation of the results. In this assay, the unknown was a dilution of the 

TABLE 1 
Protocol of assay 

2/16/45. Dog no. 443. 7.85 kg. 175 mg.Ag- sodium phenobarbital I.P. Reference 
standard epinephrine 1/100,000. Unknown estimated 1/100,000. 


STTKO. 

INJZCnON NO. 

?a£PAXATSOH AND 

sosc 

DOSE 

USE IN PEESSirSE 




ce. 

mm. 

1 

1 

Ui 

0.2 

47 


2 

Sj 

0.4 

64 


3 

St 

0.2 

47 


4 

Ut 

0.4 

66 

2 

5 

V, 

0.4 

72 


6 

Ut 

0.2 

48 


7 

s. 

0.4 

71 

1 

8 


0.2 

47 

3 

9 

Ut 

0 4 

70 


10 

Ut 

0.2 

53 


11 ! 

St 

0 2 

48 


12 

St 

0.4 

72 

• 4 

13 

Ut 

0 4 

76 


14 

St 

0.4 

71 


15 

St 

0.2 

54 


16 

Ut 

0.2 

51 


Standard, the true potency of which was 103.0%. The calculated potency of 
103.81% ± 3.95% indicates that the accuracy of the method is well within the 
estimate of its experimental error. 

As is customary' in testing any new assay procedure, various solutions of known 
potency were assayed to determine the accuracy of the method. In each case 
these known solutions were prepared by dilution of the U.S.P. XII reference 
standard epinephrine. The true potency was not made known to the analyst 
until the assay results were calculated. Tlie data from these e.xpeiiments are 
t.abulatcd in table 3. 

In assay number 9 and number 10 (table 3) the calculated f-value exceeded the 
tabular value for I indicating that the slopes for standard and unknown were not 
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parallel. Since the concentrations of standard and unknown dDutions were 
considerably different in these two assays, one might expect this to occur, and the 
dilutions should be adjusted to be more nearly equivalent. K, however, a 
revision of dilutions or of the dosage range fails to produce parallel dosage re- 
ponse curves, as measured by the f-test, one should suspect qualitative differences 
between the standard and unknown. 


TABLE 2 


Analysts of data in table t 


SET NO 

USE IN PKESSUEE TOR 

1I.I 

Cl -St 

Z)«- 
- tr» 


1 

yi ■ 

Dt + Di 1 

yi •• 

A’-'n. 

St 

St 

Vi 

Ut 

1 

47 

64 

47 

66 

2 

0 

19 

17 

2 


2 

2 

47 

71 

48 

72 

1 

1 

24 

24 

2 


0 

3 

48 

72 

53 


—2 

5 

17 

24 

3 

41 

-7 

4 

54 

71 

51 


5 

-3 

25 

17 

2 

42 

8 

Total 


167 = T, 



N = Number of seta => 4. 

I = log ratio of Ui' Ut and Si'^t 0J801 

S{y') = sums of squares of atliodividual yi’a, yt’s and yj’s 

~ = log potency 

Tj 

Potency = 100 (antilog M) 

27N ■ ... 


JIf 




Sly') - (Tf + r| + Ti)/N 
12{N - 1) 


4^ 


(9) (0 301) ^ Q QJ522 
167 

(100) (1.0381) "=■ 103.81% 
167 

(2) (0.301) (4) 


69.35 


' 7183 - (27979/4) „ 2.2868 

(12) (3) 

2.2868 


t/IFI 


69.35 


0.03297 


Standard error of relative potency 
2.303S„(antilog M)(100) 

Test for parallelism 
f = 

2sVn 

The calculated t should not exceed the 
With 3(A7 — 1) degrees of freedom at P 




0.03297 

0.01651 


in per cent 

(2 303) (0 01651) (1.0381) (100) = 3.95% 


3 


-7= = 0.3279 

■ (2) (2.2868) Vi 

tabulated 1 (see reference 11) which is read 
= 0 05. 


The standardization of the assay technic depends upon whether or not the 

variability in slope (6), standard deviation (s), and the ratio X, fall within the 

limits of random sampling. From twenty-seven assays performed to date m 
this laboratory the average values for b, s, and X w ere as follows : b = 73.02 with a 
standard deviation of 18.75; s = 244 with a standard deviation of 0.831; X = 
0 0338 with a standard deviation of 0.0125. These values are probably repre- 
sentative of the variation to be expected in this laboratory but they do not 
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necessarily indicate the variability in these statistics which may be encountered 
in other laboratories. 

The accumulation of this type of data brings definite advantages to the analyst, 
for when they are combined with the data from subsequent assays, various terms 
may fall within the limits of random sampling and the method may be said to be 
in a “state of statistical control”. Control charts (fig. 1) can then be constructed 
by means of which the agreement of the individual assay is checked with past 
experience 

In fig. 1, charts are presented to show the variability in h, s and X. The in- 
dividual values of 6, s and X have been plotted in the order in which the assays 
were completed. The control limi ts which are assigned to each series of statistics 
were derived by multiplying the standard deviation of each series by 2.0. If 

TABLE 3 


Results of assays of knoum solutions 


ASSAY Kmesn 

TITC MTEKCY 

poiYKcv yoinro 

ACrtTAL £UOK AS % 07 
TilTE POTENCY 


% 

% 


1 

US 

112.8 ±5.35 

1.92 

2 

122 

120.6 ±5.14 

1.15 

3 

89 

88.5 ±5.32 

0.57 

4 

103 

103.81 ±3.95 

0.78 

5 

119 

120 24 ±5.93 

1.04 

6 

94 1 

94.56 ±3.73 

0.59 

7 

100 

101.4 ±4.77 

1.40 

8 

77 

75 06 ±4.63 

2.52 

9 

151 

153 09 ±2 91 

1.38 

10 

52 

52 05 ±1.74 

0.09 

11 

83 

79 45 ±2 64 

4.28 

Mean 

1.43 


these series are representative of the population from which they are draivn, the 
Values of 6, s and X should not exceed by chance their respective control limits 
more often than once in twenty-two assaj-s (12). 

In assay number 14 (fig 1) the value of X definitely exceeds its upper control 
limit. Upon close inspection it is noted that the apparent cause of this devia- 
tion from normal is due to a rather large value for s and a rather small value for b 
in the same assay. This would indicate that the sensitivity of the animal prepa- 
ration was considerably less than that most frequently observed and that the 
variation in the individual responses was greater than the average obser\’ed in 
most a>^says An inspection of the protocol of the assay revealed that this was 
the tnio situation. In this .ass.ay the potency had been calculated to be 92.8% 
± 0 80%. Tliis represented a border-line case since the potency would be 
slightly below the 95% limit allowed by the U.S.P. XII. Because of the large 
error involved and the failure of X to fall nithin its control limits, the assay uas 
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repeated on another animal (Assay 19, fig. 1) whereupon, a potency figure of 
91.4% ± 2.61% was obtained, and the statistics b, s and X all fell within thejr 
control limits. The preparation was then fortified and upon assay of the ad- 
justed solution a potency figure of 98.1% ± 3,82% was obtained (Assay 23, 

fig. 1). 





In assay number 18 (fig. 1) it uill be noted that both b and s ex'ceeded their 
assigned control limits but that X did not deviate appreciably from the average 

value for X. Since both b and s deviate in the same direction, and X ^ p 

ratio remains relatively stable when this occurs. It is obvious, therefore, that 
the ma.x'imum control of the assay procedure is maintained only when all three 
statistics fall within the error of random sampling. 

l^Tien more data have been accumulated, these control charts will proM e 
additional advantages, for the calculation of the potency and error maj’’ become 
further simplified. . 

Discussion. Two possible sources of variation are ignored in performing e 
assay. These are the influence of the preceding dose on a given response, an ^ ^e 
influence of the blood pressure immediately preceding a given dose. Ana j sis o 




biological assat of epinephrine 


283 


covariance in several assays shows that these variables are so small that no 
appreciable increase in precision is obtained from the added calculations. Serious 
changes in blood pressure throughout the assay period are rarely encountered, 
and those minor fluctuations which may occur between sets have been isolated 
from the estimate of potency and error in the assay design. 

The use of control charts as described herein permits a more accurate evalua- 
tion of the individual assay and, therefore, the calculations of more precise over- 
all results. The advantages that such a tool brings to the analyst are obvious. 

In an assay of this t 3 TDe where the error is small, one may nish to calculate 
only the potency. This can be done rapidly using the formula proposed by 
Sherwood, Falco and de Beer (4) for the estimation of penicillin potency, or both 
the potency and error may be calculated with a minimum of effort by employing 
a graphic method similar to that deidsed by Knudsen (13) for penicillin assays. 

The method is accurate, simple and rapid. The data set forth in table 3 
indicate that potency can be determined with an average deviation from true 
potency of only 1.43 per cent. Anyone familiar with U.S.P. XII assay technic 
can perform an assay and the calculations involved require only the mathe- 
matical substitution in the appropriate formulae. The average time to perfonn 
a single assay, including calculations, is approximately four hours. 

SUMMARY AND CONCLUSIONS 

1. An application of an experimental design to the biological assay of epi- 
nephrine has been described. 

2. The mean error of eleven assays of solutions of known potency was 1.43%. 

3. Control charts are presented and discussed with relation to the maintenance 
of a “state of statistical control” in the assay technic. 

4. The application of the design provddes a simple, accurate, rapid and econom- 
ical method for determining the potency of epinephrine solutions. 

Acknowledgment. I am indebted to Dr. Edwin J. de Beer of the Wellcome 
Hesearch Laboratories for his helpful criticism and adidce in the preparation of 
this paper. 
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The present paper deals rvith the results of a study of a new mercurial diuretic 
and a comparison of its diuretic potency and local irritant properties nith those 
of one of the official mercurial diuretic agents in common use, namelj’’, mercuro- 
phylline or mercupurin. The new compound is a methoxyoximercuripropyl- 
succinylurea or mercuhydrin. The material is supplied in the form of a solution 
of the sodium salt in an ampoule, and each cc. is stated to contain 88 mg. of the 
compound representing 39 mg. of mercuo' in organic combination together mth 
48 mg. of theophylline. 

A method for the quantitative comparison of diuretic agents in ambulant 
patients with heart disease and congestive failure was described in pre\ious 
studies (1,2). The patient is weighed. He is then given a dose of the diuretic. 
The effect is observed in terms of a loss of weight 15 hours after the dose. A 
week elapses during which edema reaccumulates and weight is regained. The 
doses are alternated. This procedure may then be repeated as often as is neces- 
sary in order to secure a reliable average response to a given dose as a basis of 
comparison vith another compound tested in a similar manner in the same pa- 
tient. This method has the advantage of testing the various doses in the same 
patient under substantially similar states of edema, which is not possible when 
diuretic agents are tested in bed patients. 

Our experience with mercuhydrin covers a period cf approximatelj" 8 months 
at the time of this report. It was used in 92 patients and in 43 of these, quanti- 
tative comparisons were made with mercupurin. The extent of the present 
total experience with mercuhydrin in our clinics is shown in table 1 . There were 
1216 doses of mercuhydrin, by intramuscular and intravenous injection, and 
during that period 513 doses of mercupurin. The patients were selected from a 
total case load of 1500 ambulant patients in attendance at the cardiac clinics. 
All had organic heart disease ivith advanced congestive failure. All the common 
varieties of heart diseases were represented, namely, arteriosclerotic, hyperten- 
sive, rheumatic, luetic, and hyperthyroid. There were appro.ximately equa 
numbers of both sexes in ages from 24 to 78 years. 

RnstrLTS. The diuresis after mercuhydrin was compared vith that after 
mercupurin in 43 patients and at three dose levels, 0.5, 1.0 and 2.0 cc. in the 
case of intravenous injections and 1.0 and 2.0 cc. doses in the case of intramuscu- 

‘ This study was partly supported by the Diuretic Fund of Cornell University Medical 
College to which contributions have been made by Riedel-de Haen, Inc., and La 'esi e 
Laboratories. 
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lar injections. The selection of patients for the different doses was based upon 
previous experience with the particular individual which indicated the dose 
necessary for a satisfactory diuresis. This experience also showed that the doses 
did not produce ceiling effects (1, 2). In the previous study (2) it was shown 
that without the diuretic patients may lose an average of about 0.5 lb. in the 15 
hour period between the two weighings. There were no patients who failed to 

TABLE 1 


Total doses of mercuhydrin and mercupurin in 9S patients 



1.0UTE 1 




latraveaolu 

1 

Intramoscul&f 

TOTAL 











Do«e 





0 S cc 

1 Occ 

2 Occ 

1 Occ. 

2 Occ. 


Mercuhydrin 

29 

163 

609 

144 

271 

■ ■ 

Mercupurin 

36 

129 

171 

94 

84 

mm 

Totals . . . , . . 

61 

292 

780 

238 

355 

1729 


TABLE 2 


Comparison of diuretic effects of mercuhydnn and mercupurin 


DOSE 

KO or 

FATttKtS 

Ko or 

COUPAKUQKS 

AVEftACE WXJCErr Z.OS5 

*A«o or ErrrcT 
or jatcormuK/ 
sjzsctrsYziiiK 

Mercupuna | 

Mercuhydnn j 

Intravenous 

<e. 



tbu 

/ij. 


o.s 

4 

14 

7.5 

6.6 

1.16 

1 0 

21 

71 

4.0 

4.1 

0.98 

2 0 

18 

54 

4 4 

4.2 

1.04 

All 

43 

139 

4.5 

4.4 

1.03 ±0.06 

Intramuscular 

1.0 

11 

16 

3 6 

3.3 

1.07 

2.0 

13 

19 

4.2 

4.3 

0.98 

All 

24 

35 

3.9 

3.9 

1.01 ±0.3 


respond to one or another dose, but if one takes all losses of weight above 0.5 
lb. as effects of the drug, the results show 4 failures among 139 intravenous 
injections of mercuhydrin and 3 failures among a similar number of doses of 
mercupurin, hence failure of response in appro.ximately 2 to 3 per cent of the 
doses 

The largest diuresis was shown by a loss of 10 lbs. after a dose of mercuhydrin 
and 12 lbs. after a dose of mercupurin in one case. 

Tlic results arc summarized in table 2. The average diuresis after 139 intra- 
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compounds, namely, a loss of 4.4 lbs. 
for mercuhydrin-and 4.5 lbs. for mercupurin. 

The diuretic effects were also similar after the intramuscular doses. Ihe 
erap weight loss m 35 comparisons in 24 patients was 3.9 lbs. for each drug. 

rT®® responses to the two drugs were similar, the possibility 
^ggested Itself that some patients might respond more favorably to one than 
the other drug, and that such preferences might balance each other in the 


TABLE 3 


Variability in diuretic response 

COltPAlUSON KO. 

DOSE lNrRA\‘EJfOirsi,Y 

WriCHT LOSS 

Mercxthydrin I Mercupurin 

Id Ha 

1 

2 

3 

1 

cc. 

1 

1 

1 

I 1 

9.0' 

5.5 

2.0j 

hs. 

|l6.5 

lbs. 

7.0| 

4.8ll6.8 

s.oj 


Es Is 


1 

2 

3 

4 

5 

6 

7 

8 


2 

3 

4 

5 

6 

7 

8 


a\ erage n ei^t loss. The data were therefore examined in more detail for eid- 
dence of such preference. Examples of apparent differences are shown in table 
• patient showed a 15 and 30 per cent greater response with mercuhydrin 

m the first two comparisons, but in the third comparison the order of preference 
\\as re^^ed, 150 per cent greater response with mercupurin, the average show- 
ing no difference between the two drugs. In another patient a series of 8 com- 
parao^ show-ed an average response about 33 per cent in favor of mercupurin, 
while in a third patient a similar series of 8 comparisons 3 ielded an average 


u.o 

0.5 

0.5 

0.5 

0 .^ 

0.5 

0.5 

0.5 


Sa We 


6.0 

8.5| 

5.5 

6 . 8 , 

5.5 

8 . 0 | 

6.0 

•1.5. 


150.8 


10.0, 

6.5, 

9.8j 

10.5i 

8.51 

8.51 

6.0 

6.sl 


66.3 


2.5 


1.8 

4.0 


l.S 

7.3 


2.0 

2.5 

4.0 

30.6 

1.0 

3.0 

4.8 

• 

3.0 

4.0 


1.0 

1.5 


4.0, 


17.6 
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response in the reverse order, about 73 per cent in favor of mercuhydrin. The 
fact that in one patient 6 of 8 consecutive comparisons favored one drug (mercu- 
purin) and in another patient 7 of 8 favored the second drug (mercuhydrin) 
reinforced the possibility that differences in the relative efficacy of the tu'o drugs 
in different patients may exist. It may be noted that by chance alone, it would 
be expected that one or the other drug would be favored in 7 of 8 comparisons 
in about 6 per cent of cases, and in 6 of 8 comparisons in about 22 per cent of 
cases. 

A statistical analysis- of all the data was made. The greater diuretic effect 
was found to occur as often with one drug as with the other, 64 times for mercu- 
purin and 63 for mercuhj'drin. The chi square test shows that the high incidence 
of greater diuretic effect with one or the other drug in some of the patients falls 
well within the limits of chance. 

Renal effects. In 43 patients receirdng the mercurials intravenously the 
urine was examined and the blood NPN determined before the drug was started 
and at varjdng periods in the course of treatment. There were in all 94 urine 
examinations for specific gravity, albumen, casts and cells. There were 89 
NPN values. The urines showed no significant changes. The blood NPN 
during treatment was tested in an average of 13 weeks after the start (3 to 18 
ueeks). The values in the controls averaged 37.7 mg. per cent (24 to 86) and 
after an average of about 3 months of treatment 36.2 mg. per cent (22 to 71). 
There was, therefore, no indication of renal injurj- after the organic mercurials 
given intravenously at weekly inteivals over periods up to nearly 5 months. 

Intensive diuretic therapy. In the routine treatment with organic mercurials 
many patients are encountered in whom the weekly injection is inadequate. Our 
past experience with mercupurin and saljTgan-theophylline showed that doses 
may be given with safety at much shorter intervals over long periods of time. 
In table 4 our present exyierience nith intensive therapy using mercuhydrin is 
summarized. There are 13 patients with advanced failure who were maintained 
in a satisfactorj' state by intravenous injection of usually 2 cc. 2 times a week, 3 
times a week, and at daily inteivals over periods of weeks to months. 

Systemic reactions. Among the 92 patients involving 1729 injections of the 
two mercurial diuretic agents tliere were two patients nho developed unfavorable 
systemic reactions (about 2 per cent). In one there was immediate faintness 
and giddiness lasting about 30 minutes after 1 and 2 cc. mercupurin intrave- 
nously but not intiamuscularly. He received mercuhydrin by both routes 
without reaction Tliere was the reverse in another case; this patient developed 
a delayed reaction of chills and fever about 2 hours after the mercuhydrin given 
intravenously or intramuscularly, although mercupurin was given by both routes 
without reaction. It has been shomi previou.sly (3) that a patient hj-persensi- 
tivo to one mercurial diuretic m.aj- take another with impunity. 

Local effects of intramuscular injections. It is veil known that the organic 
mercurial diuretics arc irrit.ant. They cau=e a loc.al reaction by intramuscular 

I Tlic mitlior-, arc iiiilctilcil (o Dr Chester I Bliss for the stalistic-al analysis 
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injection, burning, pain and muscular cramps appearing in from 1 to 3 minutes 
and lasting from about 5 minutes to about 4 days. A tender nodule may develop 
in the muscle which persists for months. Observations on the relative intensity 
of these reactions Avith the two compounds were made in the course of the present 
study. The 1 cc. doses were given into the biceps and the 2 cc. doses into the 
gluteal muscles. Each patients received an injection at weekly inteiA’als for 
4 doses. The sites and the drugs were alternated, so that each site received an 
injection of the two drugs. The reactions were ranked as to severity and dura- 
tion. There were 65 comparisons (130 intramuscular injections) in 39 patients. 

TABLE 4 


Intensive intravenous therapy with mercuhydrin 



DlACKOSrS* 

POSE 

TOTAJL 
KO. IKJEC- 
TICKS 

EREQUEKCV OE 
INJECnOKS 

DORATIOK or 
TREATUEKT 



CC. 




El Pr 

AS, Hyper, EH, NSR 

2 

12 

daily 

12 days 



2 

86 

3 weekly 

28 weeks 

tia Me 

AS, EH, NSR 

2 

48 

2 weekly 

24 weeks 

Ka Sa 

AS, Hyper, EH, BBB 

2 

46 

3 weekly 

15 weeks 

Wi Ko 

Unk, EH, Ao St, AI, MI, NSR 

2 

1 9 

daily 

9 days 

Ja Da 1 

AS, Cor Thromb, NSR 

1, 2 

9 

daily 

9 days 



1. 2 

1 15 

3 weekly 

5 weeks 

He De 

RF, EH, MI. MS, AF 

2 


2 weekly 

20 weeks 

Mo Lu 

Lues, EH, NSR 

2 

26 

2 weekly 

13 weeks 

Le Jo 

Lues, EH, An Ao, NSR 

2 

1 26 

2 weekly 

13 weeks 

Be Me 

Lues, Hyper, EH, AI, An Ao, NSR 

' 2 

26 

2 weekly 

1 13 weeks 

Gu Na 

RF, EH, MI, MS, AI. AF 

' 2 

26 

2 weekly 

13 weeks 

Am Sh 

AS, Hyper, EH, Cor Scl, NSR 

2 

26 

2 n'eekly 

13 weeks 

To Pe 

Lues, Hyper, EH AI, AF 

2 

26 

2 weekly 

13 weeks 

Ab Ma 

AS, EH, Cor Thromb. NSR 

! 1 

26 

2 weekly 

1 13 weeks 


* According to “Nomenclature and Criteria for Diagnosis of Diseases of the Heart,' 
of the New York Heart Association (1942) : AF (Auricular Fibrillation) ; AI (Aortic In- 
sufficiency); An Ao (Aneurysm Aorta); Ao St (Aortic Stenosis); AS (Arteriosclerosis): 
BBB (Bundle Branch Block) ; Cor Scl (Coronary Sclerosis) ; Cor Thromb (Coronary Throm- 
bosis); EH (Enlarged Heart); Hyper (Hypertension); MI (Mitral Insufficiency); 
(Mitral Stenosis); NSR (Normal Sinus Rhythm); RF (Rheumatic Fever); Unk (Unknown). 

The results strongly favored mercuhydrin. In 3 comparisons (about 5 per cent) 
the patients interpreted raercupurin as less painful, in 17 comparisons (about 26 
per cent) there was no difference, in 39 comparisons (60 per cent) mercuh}'dnn 
was interpreted by- the patient as causing less discomfort. 

Since subjective symptoms and judgments were involved in the foregoing and 
the preparation injected was known to the obseri-er at the time, the study of the 
local effects was repeated by the “blind-test”. In these experiments the mate- 
rials were proA-ided in the syringe labeled by- letter. The identity- of the prepra- 
tion remained unknown until the data were assembled in the form presented in 
table 5. There were 20 patients, 35 doses of mercupurin, and 36 of mercuhy-dnn. 








MERCUHYDRIN AND MERCUPURIN 


289 


The severity of the reaction v as scored fiom 0 to 4 plus. The 0 indicates no dis- 
comfort, the 1 plus barely perceptible discomfort, 2 plus moderate pain, 3 plus 
marked pain, and 4 plus very severe pain so that the patient protested against 
repetition of the dose. The “blind-test” study confirms the results of the pre- 
vious 65 comparisons. In the case of mercuhydrin 55 per cent of the injections 
produced no discomforts as against 20 per cent for the mercupurin. As to the 
severity of the local discomfort in terms of the units of measure used in this 
study, mercupurin scored 3 times as much as mercuhydrin. 

TABLE 5 


"Blind-test" comparison of local irritant action of mercuhydrin and mercupurin by 
intramuscular injection 


NAME 


A 

B 

c 

D 


Pam 

Site 

Pato 

Sue 

Pam 

Site 

Pam j 

Site 

He A1 

CC 

1 



14- 

LB 

24- 

RB 


LB 

Xa Co 

1 

1+ 

RB 

0 

LB 

34- 

RB 

14- 

LB 

Ch Co 

2 

1 + 

RG 

0 

LG 

0 

RG 


LG 

HcDd 

2 

4-)- 

RG 

14- 

LG 

4-f. 

RG 

44- 

LG 

Co Fa 

1 

4-1- 

RB 

24- 

LB 

24- 

RB 

14- 

LB 

MaHa 

2 

2-4- 

RG 

14- 

LG 

34- 

RG 



Le Jo 

2 

4-4- 

RG 

14- 

LG 

34- 

RG 

24- 

LG 

FI Le 

1 

24- 

RB 



14- 

LB 

0 

RB 

PcKl 

1 



0 

LB 

14- 

RB 

0 

LB 

Ar Lo 

1 

1-1- 

RB 

14- 

LB 

14- 

RB 

0 

LB 

Be jMc 

2 

0 

RG 

0 

LG 

0 

RG 

0 

LG 

Th Me 

1 





0 

RB 

0 

LB 

Bi Ml 

2 

4-1- 

RG 

14- 

LG 



14- 

RG 

To Pe 

2 

4-1- 

RG 

0 

LG 

14- 

RG 

0 

LG 

A1 Qi, 

1 

1-f 

RB 

0 

LB 

14- 

RB 

0 

LB 

Xa Si 

2 

1-f 

RG 

0 

LG 

0 

RG 

0 

LG 

Ma Sp 

2 

0 

RG 

24- 

LG 

34- 

RG 

34- 

LG 

An Wn . 

1 



14- 

LB 

24- 

RB 

14- 

LB 

Be lYi . 

2 

14- 

RG 

0 

LG 

0 

RG 



Li tV} 

1 

3-L 

RB 

0 

LB 

14- 

RB 

0 

LB 

Aicrage 

j 2 l-L i 

0 6+ 


1.54- 


0.74- 



A .111(1 C .ire mercupurin, B and D arc mercuhydrin, R (right); L (left) B (biceps); 
G (glutcil) 


St,’MM\KV .\ND CONCLUSIONS 

1. A method is doscnbed for the quantitative comparison of diuretic agents 
in ambulant patients \nth congestive heart failure. 

2 FApenence i*- de-cribod in the h=c of a new mercurial diuretic, mercuhydrin 
during a period of 8 month*- m 92 patients who received a total of 1210 doses of 
0 5, 1 and 2 ee by mtr.a\ cnou« and intramuscular injection 

3 In the dosage range of 1 and 2 cc , the diuretic responses to mercuhydrin 
and memipurin by intramii'-eiilar and intravenous administration are indis- 
tinguidiable 
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4. Sources of error in the quantitative comparison of diuretic agents are indi- 
cated. It is demonstrated how pure chance may prove grossly misleading in 
individual cases. 

5. Neither of the two agents produces renal injury as shown by urine examina- 
tions and blood NPN values after weekly injections for periods of 3 months. 

6. A comparison with a “blind-test” method shows that mercuhydrin is less 
irritant than mercupurin by intramuscular injection. 

7. H 3 Tiersensitivit 3 ' to either of these agents maj' not necessarih”^ extend to the 
other. 

The authors are indebted to Miss Elizabeth Blake, Miss Sarah Oxfield and iMrs. 
Samuel Chotzinoff for generous assistance in the course of the study. 
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Since the first demonstration by Chain and coworkers of the effectiveness of 
penicillin in experimental Cl. septicMm infections (1), the study of anticlostridial 
agents has been further stimulated by Klarer’s (2) and Domagk’s (3) reports 
of a specific activity against pathogenic Clostridia shown by p-(amino-methyl)- 
benzene sulfonamide hydrochloride^ (“Marfanil”). It has been found that this 
drug is not counteracted by p-aminobenzoic acid (4) and that its useful effective- 
ness is limited to local application (5) (6). 

While sulfonamides of the sulfanilamide type have been extensively studied 
ivith regard to their absorption and excretion in man and in experimental animals, 
no similar information on Marfanil is available as yet. This is mainly due to the 
fact that this drug cannot be determined chemically by means of Marshall’s 
colorimetric method (7). An attempt was therefore made to work out a biolog- 
ical method for determining Marfanil in body fluids and tissue extracts. 

Under (A) the experimental basis of this test is presented and its application 
illustrated by recording observations on the absorption and excretion of Marfanil 
in mice. Under (B) observations are described which demonstrate the possibil- 
ity of evaluating the anticlostridial activity of various other therapeutic agents 
by means of anaerobic blood agar plates. 

A. Biological methods for determining siarfanil in muscle and body 
FLUIDS. Principle. Blood agar plates, seeded with certain pathogenic clostridia 
show marked hemolysis on anaerobic incubation. If small filter paper discs 
soaked with aqueous solutions of Marfanil are placed on such plates before incu- 
bation, the Marfanil, diffusing into the medium, prevents the growth of clostridia, 
and thereby produces circular areas in which the hemolysis is inhibited (see fig. 
1). The .size of these inhibition zones is related to the concentration of the 
Marfanil solutions placed on the discs. The unknown concentration of Marfanil 
in blood, urine or tissue extracts can therefore be determined by placing filter 
paper discs soaked with these fluids side by side with discs containing known 
concentrations of the drug. 

The principle applied in this method is similar to that used in the determina- 
tion of penicillin by means of the filter paper disc modification (8, 9) of Heatley’s 
original method (10). But in the case of Marfanil we use an anaerobe as test 
organism. 

* This investigation vns assisted by a grant in aid from the National Research Council 
in Oltaua. 

• This drug was synthesired in our laboratorj- in collaboration with John R. Pollcv M.A. 
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Technique. Best results were obtained by using paper discs of 8 mm. diameter, cut out 
of Whatman filter paper no. 2 by means of a cork borer. The discs are sterilized in an 
autoclave. 

As judged by the size of the inhibition zones, Cl. histolyticxim, used as a test organism 
(table 1, fig. 2) proved to be a more sensitive indicator for the presence of Alarfanil than 
Cl. welchit, and has been chosen as the test organism. 



Fig. 1. Anaerobic blood agar plate, prepared with beef infusion plus 1% Parke 
peptone, seeded with Cl. xcelchii, showing zones of inhibition of hemolysis, as produced d\ 
^Iarfanil. Filter paper discs contain Marjanil in dilutions 1:200-1:1600. (Plate illu- 
minated by direct and transmitted light combined). 

The medium used for preparing the deep agar plates is constituted as follows: 

13 cc. tryptic beef digest, containing 2% agar 
1 cc. defibrinated human (or sheep*s) blood. 

This mixture, contained in a test tube, is seeded b}’^ adding, immediately before pouring 
the plate, 0.1 cc. of a spore suspension of Cl. hislolylicum in O.S/o saline. The latter ^'as 
prepared as follows: ^ 

Cl. hisiolylicum (strain 8213) was grown anaerobically for 4 days at 37°C. on Dorset s 
sugar free egg medium. The growth, after being washed and resuspended in saline, 
heated at 7o°C. for 1 hour in order to kill any vegetative forms. Of this suspension, 0.1 cc. 
of a dilution 1:10 was added to 14 cc. blood agar, giving approximate!}’ 40,000 colonies per 
plate. ^ - 

In order to preclude the possible interference with the Marfanil test of sulfonamides o 
the sulfanilamide type, if present, a small amount of p-aminobenzoic acid (0.001%) ma> 
added to the medium. 

For setting the paper discs on the blood agar plates, it is important that the discs, con- 
taining the solutions^ to be tested, be placed side b}* side with the discs holding the Marfani 
standard dilutions. The plates are then incubated anaerobically (hj'drogen atmosp ere 
at 37°C. for 20 to 24 hours. — 

3 In the early experiments the volume of the solutions to be tested (0.02 cc.) '\as 
rately measured. Later experiments showed that soaking the discs with the solutions an 
removing excess liquid by touching the wall of the test tube with the filter disc ga^ e equa 
satisfactory results. 
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TABLE 1 


Demonstration of anlihemolytic effect of Marfanil on anaerobic blood agar plates, seeded with 
Cl. welchii or Cl. hisiolyticum 


TEST OECAKISM 

XCAKEAKII. 

INHIfitnON ZONES 

Dilution 1 

Mg.% 

Diameter 

Degree of inhibition 

Cl. welchii* 


SOO 

i mm. 

I 25 

Complete 



250 

; 20 

Complete 

1 

1:800 

125 

* 16 

Complete 


1:1600 

62.5 

13 

Complete 

1 

Cl. kistolyticumi 

1:800 

125 

26 

Nearly complete 


1:1000 

62.5 

21 

Nearly complete 



31 

18 j 

Nearly complete 


1:6400 

15.5 

15 

Partial 


1:12,800 

7.8 

12 

Partial 


* Cl. welchii (Type A) was grown for 4 hrs. at 37°C. in modiBed Robertson’s medium. 
Of this culture 0.1 cc., diluted to 10"’ with saline, was added to 14 cc. of blood agar (con- 
taining beef infusion -t- 1% Parke-Davis peptone). dilution plate count showed the 
presence of approximately 40,000 Clostridia per plate. 

t For preparation of the Cl. histolytieum plates, see under technique. 



Fio 2 Anaerobic blood agar plate, prcp.ared tidth tryptic beef digest, seeded with Cl 
htstolyttaim showing zones of inhibition of hemolysis as produced by Marfanil Filter 
paper discs contain Marfanil m dilutions 1:800-1:12.500. (Plate illuminated by trans- 
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In using the above technique, duplicate determinations on anj”^ IMarfanil 
solution, containing from 10-100 mg. % of the drug, show maximum variations 
of 3 mm. in the diameter of the inhibition zones. As in the case of penicillin, 
determinations of Marfanil based on single plate readings, are therefore approxi- 
mate, yet sufficiently accurate to indicate the trend in absorption and excretion 
of this drug in the animal body. 

Absorption of Marfaml in mice. For studjung the absorption of Marfanil 
after intramuscular administration, groups of white mice (20-24 g.) were in- 
jected into the right thigh with 0.1 cc. of an aqueous solution containing 10 mg. 
Marfanil. At various time intervals after administering the drug, the mice were 
killed by means of chloroform. The whole thigh muscle was cut out and was 

TABLE 2 


Absorption end excretion of 10 mg. Marfanil after intramuscular and oral administration 

to mice 


TIME AFTER DRUG ADMIVISTRATIOV 
(10 MG ) 

MARFANIL CONCENTRATION 

After mtranmscubr injecUon 

After oral admmu- 
tration 

Right thigh 

Blood a\ 

Urine a\. 

Blood av. 


mg 

ms % 

as % 

% 

7 mm 

5 4 

30 

187 (3) 

0 (2) 

30 min 

5 1 

14 

3,000 (3) 

5 (?) 

1 hr 

1 4 

10 

1,000 (2) 

12 (5) 

2 hrs 

0 4 

6 

2,000 (3) 

7 5 (2) 

31 hrs 

0 

3 7 

2.500 (3) 

7.5 (5) 

G hrs 

0 

0 (3) 

375 (2) 


16 hrs 

0 (2) 

0 (3) 

0 (2) 

■EBB 

24 hrs 



0 (2) 

0 (V 


All figures, without indices, recorded in columns 2-5 arc averages based on results ob- 
tained uith groups of 4 mice Where larger or smaller groups were used, the number o 
mice are recorded in brachets. 

* The Marfaml content of the right thigh muscle is recorded as total amount of the 
drug present in the uhole thigh 

thoroughly ground up in a mortal tvith sterile sand after adding enough saline 
to correspond to three times the ueight of the thigh muscle (0.5-0.8 g.). Th® 
mixture was then centrifuged and the supernatant solution tested for its Marfani 
content, using the above described tedinique. Immediately before lulling the 
mice, blood and urine samples were taken and their Marfanil content determined. 
The blood was used undiluted and v\as drawn directly from the tail onto the 
filter discs. The urine however was, as a rule, diluted from 10 to 100 timM 
before being placed on the discs, as the Marfanil concentration in urine may rcac ^ 
X'ery high levels. Neither blood nor urine of normal mice prox'ed to have anj 
antibacterial action against Cl. htstolyltcnm. 

, From the results of the hlarfanil determination in the thigh, blood and 

as recorded in table 2, it may be seen that this drug is rapidly absorbed in o le 
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blood stream forming maximum blood levels in less than one hour after injection. 
After six hours, no detectable amounts of Marfanil are present in the blood, while 
the urinary excretion is completed in less than 16 hours. 

The absorption of Marfanil after oral administration was studied in a similar 
wa}’' and the corresponding blood concentrations are entered in table 2 for com- 
parison. The orally administered drug seems to form somewhat lower blood 
levels, which however are somewhat more sustained than in the case of intra- 
muscular injection. Nevertheless, like sulfanilamide (11), Marfanil is rapidly 
absorbed after oral administration. 

In view of the low anticlostridial acthdty of Marfanil after systemic adminis- 
tration (6), it appeared of interest to obtain information regarding the change 
this drug undergoes in the animal body. Experiments were therefore carried 

TABLE 3 

Urinary excretion of Marfanil in mice 



* EacVi figure represents titration lor single mouse. 


out in which the 24 hour urine of mice was collected after intramuscular or oral 
administration of 10 mg. Marfanil. The results recorded in table 3 indicate 
that on the average less than one third of the administered drug is excreted in 
active form. That this result is not due to acetylation of Marfanil, was demon- 
strated by the obser\-ation that the anticlostridial activity of the urine, as meas- 
ured on blood agar plates, was not changed by 30 minutes hydrolysis at 100°C. 
in the presence of 0.5 normal hydrochloric acid. There must therefore exist 
other forms of degradation processes which account for the rapid inactivation of 
Marfanil in the animal body. In this connection the finding of Bej-er and 
Govier (12) that Marfanil can be oxj-dized “in vitro” in the pre.=encc of amine- 
oxyda.cc is of spcci.al intcrc.st. 

B. Evaluation of anticlostiiidial activity of THEiiArr.uTic agents nv 
MEANS OP nnooD AGAit i>L.\TEs. Aiiacrobic blood agar plates as used bv us for 
determining Marfanil in body fluids, were al.=o used for studying the ofTcct of 
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various other therapeutic agents upon pathogenic clostridia. The observations, 
reported here, deal exclusively vith the strain of Cl. wdchn used in “in vivo” 
tests (6). 

Filter paper discs (8 mm. diameter) saturated vnth aqueous solutions of the 
agents to be tested, were placed on blood agar plates, previously seeded vith Cl. 
welchti as described above. The plates were then anaerobically incubated for 
18 hours at 37°C. Great differences were noticed between various therapeutic 
agents irith regard to their ability of producing circular areas in which either 
bacterial growth or hemolysis or both were inhibited (table 4 and fig. 3) 

TABLE 4 


Effect of larious therapeutic agents on Cl uelchii grown on anaerobic blood agar* plates 


THESAPEUTIC AGENT 
(0 02 CC ) PLACED ON FILTER 
PAPER DISCS 


j INniBITION ZONES (18 HRS INCUBATION) 

*'lN \T\0’' 
ACnVTTY 
AGAINST Cl 
TVTLCHir 

DtLXJTfOV IN 

0 8% SALINE 


j Inhibition of 




Growth 

Hemol> sts 

IN UICEt 

Marfanil 

1 200 

1 400 

1 800 

1 1600 

1 3200 

mm 

26,23, (25), (23) 
20 

13 

11 

0 

Complete 

Complete 

Complete 

Complete 

None 

Complete 

Complete 

Complete 

Complete 

None 

Marked 

Sulfathiazole (sod 

1 200 

0, 0, (0) 

None 

None 

Slight 

salt) 






Sulfadiazine (sod 

1 200 

0,0,(0) 

^sone 

None 

Slight 

salt) 






Penicillin (sod salt) 

5 units per 
cc 

225 I U per 
cc 

19,20, (21), (19) 

Complete 

Complete 

Marked 

Perfringens antitoxin 

15, (15) 

None 

Nearly 

complete 

Marked 


* Tryptic digest medium containing 2% agar and 8% defibrinated (human) blood. 

t These figures include the diameter of the paper dises (8 mm), except where no in- 
hibition zone was formed — Figures in brackets refer to duplicate tests on blood agar 
plates, containing 0 01% p aminobenzoic acid 

t Referring to results (6) obtained in experiments w ith miee, intramuscularlj infected 
with Cl welchii and treated either locall) with sulfonamides or penicillin or sjstemicallj 
with antitoxin 

In using tryptic beef digest as a basic medium it fiist w as noticed that Marfanil 
produced essentially the same inhibition areas (table 4) as those obsen^ed when 
beef infusion was used for prepanng the blood agar plates (table 1). In con- 
trast to Marfanil, neither sulfathiazole nor sulfadiazine had any effect on the 
growth of Cl welchti, numeious colonies developing freely in the x'lcinity of the 
paper discs as throughout the plate, producing complete hemolysis. Penicillin, 
howex’er, in a concentration of 5 units per cc , produced like Marfanil an area of 
total growth inhibition, in which hemolj'sis was completely prex'ented. 

As might be expected, perfringens antitoxic horse serum^ (table 4 and fig. 3), 

* As prepared by the Connaught Laboratories. 
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oi\ing to its content of anti-hemolysin, produced a red opaque inhibition area. 
On microscopic examination, however, this inhibition zone characteristically 
differed from the inhibition zones formed by penicillin and MarfanU. In the 
case of the latter, the areas in which hemolysis was prevented, coincided nith the 
areas of gronth inhibition, while in the inhibition zone formed by the antitoxin, 
no grondh inhibition took place, the colonies of Cl. welchn being present in ap- 
proximately the same number and size as throughout the plate. The red blood 
cells appeared intact except in the peripheral area of the inhibition zone, where 
some of the outer colonies were surrounded by small hemolytic clearances. 



Tio 3 Anaerobic blood agar plate, prepared nith tryptic beef infusion and seeded nith 
U velchtt, shoning inhibition zones as produced by Penicillin, 5 units per cc (Pen ), sulfa- 
diazine (S D ), Marfanil (M ) and sulfathiazole (S Th ) all at a dilution 1:200 (= 5 mg per 
rc ) The Perfnngcns antito\in (Perf Se ) contained 225 I U per cc 

By moans of microscopic evamination of the inhibition zones, one can therefore 
clearly differentiate betueen the antibacterial factor and tlie anti-hemolj-tic 
factor, only the latter being present m the antitoxic serum, \\hile in the case of 
Marfaml and penicillin the antibactenal factor fully accounts for the absence of 
hemolysis, vhich is the consequence of growth inhibition. 

Correlation bcluccn "in iitro" and "m luo” activity. Tlie tuo foJloning ques- 
tions an«e Tlie first is whether ‘rich plate c\-penments lend themselves to a 
quantitatnc evaluation of the “in vitro” activity of chemotherapeutic agents, 
and the -ccond whether there is a close correlation between the size and the 
character of the inhibition zones and the ‘‘in 5 ivo” actb if ics shown by the same 
therapeutic agent*- when tested in experimental animals or man. 

As rcganls the first question, only in the case of different therapeutic agents 
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producing inhibition zones of similar character should a quantitative comparison 
of their relative “in ^dtro” activities be attempted. Such comparable zones, 
showing complete inhibition of growth and hemolysis, are formed bj^ penicillin 
and by Marfanil. From table 4 may be seen that a solution, containing 5 units 
per cc. of penicillin, forms an inhibition zone of 20 mm. diameter. To produce 
an inhibition zone of the same size b3' means of hlarfanil a dilution of 1:400 
of this drug, corresponding to 2.5 mg. per cc., is required. As judged bj' the 
bacteriostatic effect on CL welchii, grown on blood agar plates, 5 units of penicillin 
(corresponding to 0.003 mg. of the Na-salt) are therefore equivalent to 2.5 mg. 
of Marfanil. This indicates that under the conditions of the plate test and on a 
weight per weight basis, penicillin is appro.vimateh' eight hundred times as 
effective as Marfanil. 

In a previous study (6) it was shown that in the earlj^ local treatment of experi- 
mental gas gangrene produced in mice by intramuscular infection vith Cl. 
welchii, the Na-salt of penicillin is about 60 times more effective than Marfanil. 
Both the “in vivo” and the “in vitro” experiments agree, therefore, in that thej' 
demonstrate a marked superioritj’- of penicillin over Marfanil. But in the “m 
vivo” experiments this superiority is less pronounced than in the plate test. 

Some divergence between the results of “in vivo” and the “in vitro” tests may 
readily be expected as under “in vitro” conditions the influence of important 
factors like phagocytosis or the rate of absorption and excretion of the thera- 
peutic agents is not measured. In contrast to antibacterial “in vitro” tests, 
carried out in test tubes uith fluid media, the above described plate tests do, 
however, take into account the influence, on antibacterial activity, of the rate of 
diffusion of the therapeutic agent, a factor which plaj's an important part dunng 
local chemotherapj' applied at the site of infection. 

The absence of an anticlostridial activity of sulfathiazole and sulfadiazine, 
when tested on blood agar plates as recorded in figure 3, is likely due to the pres- 
ence in the medium of a small amount of sulfonamide inhibitor, which was de- 
tected bj^ testing the basic medium (trjptic beef digest or beef infusion -h 1 % 
Parke-Davis peptone) b3' means of the method described b3' Macleod (13). 
The correctness of this conclusion was confirmed b3' the observation that these 
two sulfonamides, when tested on blood agar plates, containing as basic medium 
liver infusion (prepared according to MacLeod), produced large zones of 30 mm. 
diameter in which growth and hemol3'sis were partly inhibited (see fig. 4). In 
confirmation of a report by the same author, we found beef liver extract to be 
practically free of sulfonamide inhibitor. 

Such an inhibitor-free medium does however represent growth conditions 
which differ from those prevailing in muscle tissue, where small amounts of 
inhibitor are likely to be present and may reduce the effectiveness of sulfonamides. 
Furthermore, the inhibition areas formed 63'' Marfanil on the “blood-agar-hver 
medium, seeded with Cl. welchii, were regularl3' found to be smaller than those 
produced by this same drug on blood agar containing tryptic beef digest (see 
figs. 3 and 4), while the inhibition zones formed b3' penicillin were of about the 
same size on the two media. This observation suggests that liver extract 
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contains a constituent which interferes 'nith the anticlostridial action of 
Marfanil. 

By working with a basic medium, containing, like muscle tissue, small amounts 
of sulfonamide inhibitor as in the case of the plate experiments recorded in table 
4, one can demonstrate by means of one single blood agar plate (fig. 3), that 
penicillin and Marfanil have a marked anticlostridial effect under conditions 
under which neither sulfathiazole nor sulfadiazine show any activity against 
Cl. welchii. 



Flo. 4 Anaerobic blood agar plate, seeded with Cl. vjclchu showing similar experiment 
as in fig. 3, but using liver infusion as basic medium. 

A comparison between the “in vitro” and the “in vivo” tests as recorded in 
table 4, cols. 4, 5 and 6, shows that those therapeutic agents which exhibit an 
“in vitro” activity prove to have a definite though limited effectiveness in experi- 
mental Cl. welchii infection in mice. This applies to penicillin, Marfanil and 
perfringcns antitoxin, while sulfathiazole and sulfadiazine, though inactive 
according to the plate test (fig. 3), still show a slight activity in the animal 
experiment. But the uncertainty as to the amount of sulfonamide inhibitor 
present in infected muscle and the finding of Reed and Orr (14) that certain 
strains of Cl. welchii readily produce p-aminobenzoic acid during growth 
stress the importance of using for the treatment of gas gangrene such thera- 
peutic agents which are not counteracted by p-aminobenzoic acid. 

Tlie study of the anticlostridial activity of therapeutic agents by means of 
anaerobic plates is being pursued for other pathogenic clostridia. 

CONCLUSIO.NS 

1. A biological test for Marfanil, based on its anticlostridial action against 
Cl. hiflohjticum, was worked out. 
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2. The study, by means, of this test, of the absorption and excretion of Mar- 
fanil in mice indicates that this drag is rapidly absorbed after intramuscular or 
oral administration, but that only a small portion of the hlarfanil is excreted 
in the urine in active form. 

3. A study was made, by means of anaerobic blood agar plates, of the anti- 
clostridial and antihemolytic action on Cl. welchii of Marfanil, penicillin, sulfa- 
thiazole, sulfadiazine and perfringens antitoxin. In applying the paper disc 
technique as used for testing penicillin on plates, the influence of different media 
on the anticlostridial activity of the various agents was investigated. 

A basic medium like tiyptic beef digest, containing small amounts of sulfon- 
amide inhibitor, approaches more closely “in \dvo” conditions, prevailing m 
infected muscle tissue, than does inhibitor free liver infusion. In the former 
medium, the typical sulfonamides are ineffective while penicillin and Marfanil 
produce large zones in which growth and hemolysis are inhibited. On a per 
weight basis penicillin is several hundred times more effective than Marfanil. 

On the “blood agar-liver’’ medium sulfathiazole and sulfadiazine show a 
marked anticlostridial activity as against a slight effectiveness in the local treat- 
ment of the experimental infection in mice. 

Penicillin shows an equally marked “in vitro’’ activity on both media. The 
liver infusion does however contain a factor interfering with the activity of 
Marfanil. 

Perfringens antitoxin, tested on either medium, has exclusively an antiliemo- 
lytic but no antibacterial action. 

Acknowledgment. In working out the plate methods, the authore received 
valuable ad\dce from Dr. Frieda Fraser, Research .A.ssociate, Connaught Lab- 
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STUDIES ON ANALGESICS 

I. The Time-Action Cukves of Morphine, Codeine, Dieaiidid and 
Demerol by Various jNIethods of Administration 

11. Analgesic Activity of Acetylsalicylic Acid and Ajunopyrine 

X. ERCOLI AND M. X. LEWIS 

From the Research Laboialortes, Hoffmann-La Roche, Inc., Kulley, New Jersey 

Part i. 1. Time-action curves of morphine ascertained by various 
.methods of administration. While numerous data have been obtained in 
several species on the duration as well as the intensity of analgesia produced 
by morphine, so far, no e.vact determinations seem to have been made of the 
relationship between dosage and duration and intensitj' of action. No doubt, 
this is due to the difficulties which one encounters when trjdng to determine 
analgesia quantitatively and, especially, when making repeated determinations 
at short intervals. Probably for similar reasons, the comparative analgesic 
effects produced in the same species bj' different methods of administration 
have not been investigated so far. 

For data on morphine analgesia in a number of species, we may refer here 
to the monograph by Eddy (1). 

By using the method of pain stimulation by thermal radiation (2), Hardy, 
Wolff, and Goodell succeeded in deteimining on humans accurate time-action 
cuiA'cs of opiates (3). Later, this method was used on animals by d’Amour and 
Smith (4), and by Andrews and Workman (5). 

In the present leport, a new adaptation of the Hardj'-Wolff method will 
be described by presenting time-action curves of nioiphine obtained on lats 
to %\hom the drug was administered by various routes. With this new method 
which allows accurate measurement of the pain thieshold on e.xperimental 
animals, obsen-ationh may bo repeated at verj- short intervals. 

Material and Methods A shaved area of the back of tliD animal «as exposed to a constant 
beat (pain) stimulus obtained «ith tbe apparatus illustrated in figure 1. Onset, duration, 
and intensity of analgesia «cro determined by measuring the time (“reaction time”) 
elapsing botveen beginning of exposure and response of tbe animal to tbe stimulus. 

Tcchmijue By means of the transformer, the x'olt.age m.ay be adjusted at any desired 
lex el. The ahole set-up is so arranged that tbe concentrated light beam is centered exaeth 
on the opening in the lucite screen (Eccentric focusing might fail to give tbe exact reae- 
tion tune ) An asbestos screen is interposed betueen lamp and lens and serves as a shutter. 
The use of dark glasses is advisable The shaved area is plaecd against the opening in the 
lucite screen After renioxuiig the shutter, the re.action of the animal to the heat stiniulus 
IS obserxed The reaelion time is accurately determined. Repeated tests may be made 
on dilTercnt skin areas 

It lias found in preliminary tests that older rats (300 to 500 gramsi slioixed (irregular) 
fluctuations of their pain threshold Icx-el. « bile younger rats did not. In eonseipiem e. rats 

of 100 to 200 grams bodv 11 eight acre used in all tests 
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Season, room temperature, diet, even incomplete diets producing vitamin A or Bi de- 
ficiencies' seemed to evert no influence on the response. 

Observations made in only the first set of tests were used for these records. It had been 
observed before that after an animal had once been treated with opiates, its manner of re- 
action in future tests might be influenced by the previous treatment.^ Tests were made on 
2200 albino rats, males and females. Approvimately 50,000 single tests were made during 
three and a half years, and about 3500 individual time-action curves were established. 

Morphine hydrochloride, codeine phosphate, and dihydromorphinone hydrochloride 
(dilaudid), resp., were used. Doses are expressed in terms of their alkaloid bases. For 
demerol, the hydrochloride of ethyl ester of I-mefhyl-4-phenyl-4-carboxvlic acid, figures 
are given in terms of the hydrochloride. 



Fig 1 . Set-up of the Expehi.ment 

(A) Radiation source: Mazda lamp, 1000 Watts, covered for the protection of the 
investigator with a metal bo\ having a window. 

(B) Biconvex lens, 10 2 cm. diameter — focal distance 13.5 cm. Concentrates the light 
of (.4) on 

(C) Lucite screen, with a circular opening of 1 5 cm. diameter in the center 

(D) Transformer, attached to street current 

(E) Voltmeter, inserted between (D) and (.\). 

Experiment.vl P.A.RT. The Reaclion-PaUern of Unlrcalcd Animals and Hitmans 
under Thermal Radiation . Xormal rats show two distinct sets of reactions. 

(a) twitching of the skin, this being quite evident over the irradiated zone; 

(b) retracting the entire bodj^’ and attempting to escape, or the latter response 
only. To all appearances, these movements represent a fight-flight tj^pc ol 
reaction. 

' We are indebted to Mr Drekter of the Roche Mutrition Laboratory for supplying us 
uith rats kept on an avitaminotic diet 

- This observation is of interest in reference to tolerance formation. 
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Usually, reactions (a) and (b) occur simultaneously or in close sequence, 
the twitching reaction then slighth' preceding the escape movement by 0.1 to 
0.2 seconds. Table 1 records the reaction times of untreated rats as observed 
by several investigators. The constancy of the reaction time — ivith the ma- 
jority of animals reacting after 4 to 5 seconds under our e.Aiierimental condi- 
tions — is very definite. 

Hamsters, guinea-pigs, and cats also were found suitable for the heat test, 
while mice when irradiated on either the dorsal or ventral side showed no 
regularity in their response. 

By experimenting on humans — focusing the light beam on the dorsum of 
the hand — it was possible to ascertain which voltage would incite the most 
precise reactions, thereby reducing the range of e.xperimental error to a minimum. 
With low voltages, from 40 to 50 volts, perception of pain was indistinct and 
accompanied by heat sensation. In consequence, the range of fluctuation was 
wide (about 50%) when repeated determinations were made on the same sub- 
ject. With higher voltages (100 volts or more), perception of pain was very 

TABLE 1 

Reaction time of untreated rats determined by the method of thermal radiation 
Voltage used • 85 

Criterion of response" twitching of the skin 


NO. Of SAtS 

JfO or DETER j 

JtEACnO'T TIUE IV SECONDS 

1 


1 

2 

; 2 5-3.5 

4-5 


6.5-7 

1 



per ctnt 

per cent 

[ per cent 

per cent 

per cent 

Percent 

2134 

4050 

0 22 , 

t 

25 75 1 

63 13 

9 92 

0.91 

0.05 


precise. However, the percentage of error (0.5 seconds in 2.9) still remained 
high in view of the shorter exposure. 

The use of 85 volts with an average reaction time of 4 seconds produced the 
smallest range of experimental error (10%). With such a current, pain occurred 
suddenly in the form of a prickling sensation not preceded by any heat sen- 
sation. Lengthening the exposure time by 25% produced a “burning” sensation. 
By doubling the exposure time from 4 to S seconds, pain sensation became pro- 
nounced. After exposure for 14 seconds, an intensely painful burning sen- 
sation was o\-pcrienced, and blisters resulted. 

Influence of Morphine on the Reaction Pallcrn of Rats. Rats were given mor- 
phine by subcut-ancous, intraperitoneal, intravenous, or oral administration 
and submitted to the heat test. Their individual reaction patterns were studied 

(a) Subcutaneous injection. The degree of analgesia was measured at lo" 
.30, -15, GO, 90, 120, and ISO minutes after injection. In c.-iscs in which anal- 
gesia extended oxer more than three hours, tc«ts were continued at 30-minute 
interxals until the reactivity of the animal dropped back to the original thresh- 
old lex el 

It ua- mves-arx" to a‘-certain the shorle.-t re.action span at the end of xvhich 
complete analg.-ia wa= evtabh-hed. This- kad to be done for the purpose of 
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making the data strictly comparable. If no response occurred within 16 seconds’ 
exposure time, none was to be expected later, since imdoubtedly analgesia was 
then complete. Animals not reacting after 16 seconds could be severely burned 
without giving any reaction. In cases where there was a response before 16 
seconds, the degree of responsiveness between 10 and 15 seconds varied consid- 
erably, as it did in all cases below 10 seconds. 

It was concluded that complete analgesia has been estabhshed when there 
is no reaction after 15 seconds of exposure. In calculating all the averages 
appearing in this report, the maximum reaction time under treatment was 
considered to be 15 seconds. In more recent experiments, such a waiting period 
was arbitrarily set as the limit of observation. The subjective experience 
of pain reported for humans justifies such a procedure. 

Table 2 gives the average reaction times (twitching) observed in rats after 
the subcutaneous administration of from 3 to 20 mgm./kgm. morphine. The 

TABLE 2 


Average rcaclion time of rats treated subcutaneously with morphine 


x>osc 

KO. 

lurs 




REACTION TIME (IN SECONDS) ATTER HOURS 




n. 

Before 

1 

1 

} 

1 

li 

2 

21 

3 

4 

5 

nim./kgm. 

3.0 

4.0 

10 

37 

3.8 

5.08 

3.9 

6.04 

3.7 

6.57 

3.9 

6.88 

4.1 

5.93 

3.9 

4.92 

3.8 

5.83 

3.9 

3.55 

4.67 


5.75 

5 . 0 - 6. 0 

100 

4.59 

6.61 


7.85 

7.12 

6.19 

6.20 

6.43 

5.61 

4.68 

5 . 0 * 

7.5 

115 

4.79 

7.15 


lW'j!l 

9.46 

8.71 

7.23 

7.64 

7.61 


4 . 19 t 

10 . 0 - 12.0 

95 

4.24 

6.55 

■CTHI 

9.48 


9.84 

8.8 

6.64 

6.8 

4.51 

5.12 

15.0 

25 

4.26 

5.26 

9.22 

12.5 



12.0 

5.10 

5.5 

4.77 

4.64 

20.0 

15 

4.46 


13.8 

13.6 

1301 

13.5 

13.6 


9.5 

8.7 

4.8 


* Average of 37 rata, 
t Average of 64 rats. 


minimum analgesic dose (M.A.D.) is 4 mgm./kgm., giving an average (peak) 
reaction time of 6.88 seconds. It appears that this time-span increases in pro- 
portion to the doses administered. Doses of 4 mgm./kgm. produce an average 
increase over the normal threshold of 35%; doses of 5 to 6 mgm./kgm., an 
increase of 71%; doses larger than 7.5 mgm./kgm., an increase of over 100%- 
The administration of 20 mgm./kgm. brings about complete abolition of all 
reactivity (an average increase over the normal threshold of more than 200%). 

Table 3 gives the numerical distribution of morphine-treated rats accord- 
ing to the maximum analgesic effect reached. A definite quantitative relation- 
ship exists between dosage size and number of rats showing moderate, high, 
intense and complete analgesia. 

We define as the average analgesic dose (A.A.D.) of a drug the dose which 
in our experiments induces measurable analgesia (reaction time within 6 and 

s We define as threshold of reaction the length of heat exposure required to bring about 
response. 
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14 seconds) in approximately 40 to 60% of the group, while the remaining animals 
are uniformly distributed between “zero and complete analgesia”. This aver- 
age dose appeared to be the most characteristic one. It was possible to deter- 
mine it on a very small number of animals. With reference to the twitching 
reaction, the minimal analgesic dose is 4 mgm./kgm. ; the average, 6 mgm./kgm. ; 
the "complete analgesic dose”, which gives complete analgesia in the majority 
of animals, 15 mgm./kgm. 

If the flight (“voluntary”) reaction rather than the twitching (“reflex”) 
reaction is taken as the standard gauge, a higher figure for threshold elevation 
uill be obtained.^ Treatment with opiates will lengthen the normal interval 
between “reflex” and “voluntary” reactions. In untreated animals, the tw'o 
figures fall almost within the range of experimental error. Thus, when the 
flight reaction was taken as criterion, the doses with which “analgesia” was 
established were smaller than when wmiting for the twitching reaction. 

TABLE 3 


distribution oj rats injected mth S-iO mgm./kgm. morphine (e.c.) according to the intensity 
of analgesic reaction 


Host uowBinr 
(bass) 

NO RATS 

1 

NO 

AKAIGESIA 

20-J0% 
INCREASE OF 
TJItESaoU) 
S£AX REACnOS 
TXUE VNDER 

6 SEC (±) 

REACTION TIUE 
6-8 SEC 

“moderate” 

REACTION' nUE 
9-12 SEC 
“Hies” 

REACTION XnCE 
13-15 SEC 
“intense” 

REACTION TIME 
OVER 15 SEC 
“complete” 

/ktm s 


Ptr cent 

per tent 

per cent 

per cent 

per cent 


3.0 


100 





■■■ 

4.0 

37 

22 

S 5 

33 3 

30 5 

2 7 


5.0-6. 0 

100 

10 0 

9 

39 

12 

s 


7.5 

115 

5 3 


19.6 

18.8 

9.8 

46 5 

10 0-12 0 

95 

4 2 

3 2 

21.7 

6 4 

6.4 

68 

IS.O 

25 



4 

8 


88 

20.0 

15 






100 


Onset and duration of analgesia. Following subcutaneous injection of mor- 
phine, analgesia sets in between 15 and 30 minutes on the average — ^in no case 
in less than 10 and in only a very small number of cases (5 in 397) in more than 
45 minutes. 

By c.vamining single time-action curves, it was found that in dosage ranges 
from 5 to 15 mgm./kgm. in each individual rat the duration of analgesia is pro- 
portionate to the intensity reached, with a longer peak effect under higher dose. 
For instance, no difference in duration of analgesia was noticed among rats 
ansitrring u'ilh complete analgesia in the groups treated with 5 to 6 mgm./kgm. 
(average duration 120 minutes on 22 rats) and 15 mgm./kgm. (average 115 
minutes on 22 rats). An increase in duration was obtained, however, by inject- 


» ■■Upflex" nn.l "Vohmtary" arc uwd empirically to dcsiftnatc the twitchinRand c'cam 
re-vct.onH Tlie.v are not intended for defining the mechanism of reaction, though it i 
considered possible that tlic tnitcliing re.action is due to a spinal reiler. 
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ing a dose of 20 mgm./kgm. (average duration 230 minutes). By further in- 
vestigating the dosage-duration relationship, it was found that the 20 mgm./kgm. 
dosage represents a ceiling dose for duration as well as for intensity. The ex- 
periment reported in table 4 shows that doses of 20 or 40 or 80 mgm./kgm. 
morphine all give analgesia for the same duration (4| to 5 hours). It should 
be mentioned that when considering average threshold figures, the relationship 
between dosage and duration will still be found to be a direct one, since mth 
higher doses a larger proportion of animals wDl answer nith a more intense 
analgesia. 


(I 'compUtt — C3. 

12 

Raf2l30 Rit*2l32 R8T'2133 



Fig. 2. Examples of individual time-action curves for morphine and average threshold 
variations after subcutaneous administration of codeine, demerol, and dilaudid. 


(6) Inlraperiloneal injection. Analgesia following intraperitoneal injection 
was less intense than when the same doses were administered subcutaneously- 
The M.A.D. found was 7.5 mgm./kgm.; the A.A.D., 10 mgm./kgm. Doses 
of 20 mgm./kgm. produced complete analgesia of three hours’ duration. The 
tjTie of the analgesia curve was approximately the same tvith both methods 
(fig. 2). 

(c) Intravenous injection. Doses representing from 2 to 10 mgm./kgm. mor- 
phine base in 0.5 cc saline solution were given by intravenous injection (into 
tail vein). Tests for analgesia were made at close intervals (at from 1 to 5 
minutes). 

Of 4 rats given doses of 2 to 2.5 mgm./kgm., only one showed analgesia and 
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this of late onset (29 minutes) and short duration. — In 14 rats injected ulth 
3 to 5 mgm./kgm., there Das doubtful or no response in 6; analgesia was of 
high degree in 2 and complete in 6. — ^Doses of 7.5 mgm./kgm. produced com- 
plete analgesia in 4 rats. 

In general, folloD-ing intravenous injection, analgesia was neither uniform 
nor contmuous, which fact stands in contrast to the results obtained by either 
subcutaneous or intraperitoneal administration. In some intiavenous cases, the 
onset of analgesia occurred after a lag period varjdng from 6 to 28 minutes. In 
others, analgesia started rn less than 1 minute after injection, lasted for from 
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3 to 10 minutes, and loappcared for 2 to 3 minutes after irregular intervals 
(fig 4) 

(d) Oral admiiiistialion Doses of moipliine hydrochloride, corresponding 
to from 25 to 750 mgm 'kgm base, nero administered to rats orally by stomach 
sound Doses ranging from 25 to 40 mgm 'kgm. produced no effect in 15 rats 
Out of 7 rats treated a ith SO mgm , kgm., moderate analgesia of 15 to 30 minutes’ 
duration dies obtained in 3. 

'Die .i\erage amdgesie do-e appeared to lie betnecn 200 and 250 mgm /kgm 
Higher do-es, from 500 to 750 mgm kgm., did not produce any correspondinglv 
greater analgesia Such doses, proveil lethal. * 

2 Tin. AcriMii iutjos v.vd the time-ictio.v cuniE-s of .MonimiNE co- 
rn ine, Dii.\r DID, \M1 DIMKI'OL Supplementing our studies nitli moip’hine. 
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we extended the experiments to a comparison, on a quantitative basis, of the an- 
algesic activities of codeine, dilaudid, and demerol. The time-action curves of 
these drugs also were determined for different routes of administration. The 
data gained for the analgesic behavior of demerol are of special interest, since 
the literature contains only a few reports on this particular phase. 

Numerous investigations have been reported on the comparative analgesic 
values of morphine, codeine, and dilaudid. Eddy (6-8) reports extensive studies 
on cats in which he compared the effectiveness of the mimimal analgesic dose of 
1 mgm./kgm. morphine with that of 10 mgm./kgm. codeine and of 0.17 
mgm./kgm. dilaudid. Oelkers (9) finds 6 to 8 mgm./kgm. of morphine hydro- 
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Fia. 4. Examples of Time-Action Curves Following Intravenous Administration 

OF Opiates 


chloride to be the dose which in mice provides a moderate degree of analgesiaj 
of codeine, 60 to 80 mgm./kgm.; of dilaudid, 1 to 2 mgm./kgm. 

According to Schaumann (10), the analgesic activitj'’ on mice of 50 mgm./kgin- 
of demerol is comparable to that of 7 mgm. morphine. According to a recent 
report bj' Woolfe and MacDonald (11), morphine is about seven times as active 
on mice as codeine and five to six times as active as demerol. The latter authors 
found demerol ineffective even in large doses when tested against intense pam 
stimuli. 

Codeine, (a) Subcutarieous uijcctton. Sixty-three rats r^ere injected with doses ranging 

from 21 to 106 mgm./kgm. codeine-baEe. The M.A.D. was 2S mgm./kgm.; the A.A.D., 
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mgm./kgm. With the latter dose, analgesia set in about 30 minutes after injection and 
lasted for an average period of about 56 minutes. Larger doses of 70 mgm./kgm. induced 
complete analgesia in the majority of rats (7/8); the effect lasted for from li to 2 hours. 

With small doses, the peak effect u-as reached in less than 15 minutes after the onset of 
analgesia; while with higher doses (70 ragra /fcgm.), it was established in from 15 to 30 
minutes after onset (for averages, see fig. 2). 

(b) Intrapertloneal injection. Twenty-two rats received intraperitoneal doses ranging 
from 10 to 70 mgm./kgm Doses up to 17.5 mgm./kgm. were ineffective, while 25 
mgm /kgm. induced only slight analgesia in 1 out of 5 rats. The A.A.D. was 49 mgm./kgm. 
In 3 rats injected with 70 mgm /kgm , complete analgesia of one hour’s duration was induced 
(fig. 3). 


TABLE 4 


Analgesia obtained vtith 20, 40, 80 mgm./kgm. morphine s.c. 
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5 
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4 

14 
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7 
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4 
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4.5 

5.5 
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4 

9 
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8 

6 
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5 
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4 5 
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>15 
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8 
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TABLE 5 


Average duration of analgesia in rats injected subcutaneously with various doses of 
dihydromorphinone 


POSE DIRWRO 
UORPniVOVE 

NO RARB INJECrCD 

KO RATS RESPOVDINC 

W ITH COtfPtETE 
ANALGESIA 

TOTAL PPRATIOS OF 
ANALGESIA IN UISPTES 

(aitrace) 

OORATtON OF 

1 COITP^ETE ANALGESIA 
rNtfINUTES (aNTRACE) 

wtr’J /ktn 

0 88 


5 

78 

46 



3 

120 

55 



4 

ISO 

85 



7 1 

183 

73 



7 

175 

115 

2 61 

1 

G 

215 i 

1 

160 


(c) Intraicnous injection Tn clve rats received intravenous doses ranging from 7 to 35 
mgm /kgm Repealed determinations were made at close intervals (at from 1 to 5 

minutes) A dose of 10 mgm /kgm gave high or complete analgesia in 3 out of 4 rats. It 

appeared one minute after injecting and lasted up to 0 minutes. Duration time n as length- 
ened 111 5 rats up to 10 iiiiiiutcs by the intravenous administration of 17 to 21 mgm /kgm ' 
while 35 mgm /kgm lengthened the duration to 25 minutes (fig. 4). ' ^ ’’ 

In some instances, the analgesia following intravenous injection showed an irregular 
and intermittent course 

(rf) Oral administration Eleven rats received by mouth from 175 to 530 mgm /kem • 
2 animals responded with slight and 1 with moderate analgesia; in the remaining S noamal’ 
gesta W ns obtained \ do'e of im mgm /kgm induced in one rat complete analgesia ln.st- 
ing for one hour, in another, morlerate analgesia a hich lasted for Ij hours (fig. 3) 
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Dilaudid. (a) Suhcuianeous injcclion. Fifty-four rats received doses rauging from 
0.18 to 2.64 mgm./kgm. Doses up to 0.36 mgm./lcgm. were ineffective. The M.A.D. was 
found to be 0.53 mgm./kgm.; the A.A.D., 0.88 mgm./kgm. Doses higher than 1.32 
mgm./kgm. (1.32 to 1.95) induced complete analgesia in over 90% of the animals (21/23). 
The onset of analgesia occurred in from 15 to 30 minutes, the peak being reached approxi- 
mately 15 to 20 minutes later (fig. 2). Duration of analgesia lengthened as the dosage was 
increased (see table 5). 

(6) Intraperitonealinjection. Determinations made on21 rats gave the followingfigures: 
M.A.D. 0.62 mgm./kgm., A.A.D. 1.7 mgm./kgm. Complete analgesia was obtained in 3 
out of 5 rats treated with 3.52 mgm./kgm., while 2 rats reacted after 7 and 12 seconds’ ex- 
posure. Analgesia with the latter dosage set in 3 to 15 minutes after injection and lasted 

1 to IJ hours. The peak effect was reached 30 to 45 minutes after injection. 

(c) Intravenous injection. Repeated tests of the state of analgesia were made at 1- to 
2-minute intervajs. In 2 out of 3 rats, an intravenous dose of 0.8S mgm./kgm. produced a 
moderate (25%) and intermittent threshold rise, while the third animal showed high, unin- 
terrupted analgesia lasting for 10 minutes, onset occurring 1 minute after injection. In 2 
rats injected with 1.32 and 1.76 mgm./kgm., respectively, there was an immediate and 
complete response with a duration time of 4 and 10 minutes, respectively; in 3 others, an 
intermittent and variable threshold rise was observed (fig. 4). 

(d) Oral administration. A dose of 8.8 mgm./kgm. produced a slight threshold rise (15 
to 20%) in 2 rats. A dose of 17.6 mgm./kgm. brought no response in 2, deep analgesia in 1, 
and complete analgesia in 3 rats. In 2 animals, 44 mgm./kgm. produced complete analgesia 
of more than 6 hours’ duration. 

Demerol, (a) Subcutaneous injection. Eighty-five rats received doses ranging from 10 
to ISO mgm./kgm. The M.A.D. was found to be 20 mgm./kgm.; the A.A.D. , 35 mgm./kgm. 
In 4 of 5 rats, doses of 75 mgm./kgm. produced analgesia of from 30 to 50 minutes’ duration, 
with complete analgesia for 15 to 45 minutes. The onset occurred 15 to 30 minutes after 
injection; the peak was reached 15 to 25 minutes later. Higher doses elicited complete 
analgesia of still longer duration. In 4 out of 6 rats, 100 mgm./kgm. doses resulted in com- 
plete analgesia of 1 to IJ hours’ duration. In 12 rats injected with from 100 to 150 
mgm./kgm., the average duration of analgesia was 138 minutes. With doses of 150 
mgm./kgm., the effect was the same as with 100 mgm./kgm. (for averages, see fig. 2). 

(5) Inlraperitoneal injection. A group of 10 rats was used forinjection of doses ranging 
from 10 to 80 mgm./kgm. The 10 mgm. dose proved ineffective in two animals. Of six 
animals given 50 mgm./kgm., 2 gave no response; in 2, the analgesic effect was doubtful, and 

2 showed complete analgesia of 15 minutes' duration (fig. 3). In one rat, a dose of 
SO mgm./kgm. induced complete analgesia of 30 minutes’ duration. 

(c) Intravenous injection. Repeated tests were made at 1- to 2-minute intervals. Three 
rats received 10 mgm./kgm.; two showed complete analgesia of 8 minutes’ duration; the 
third incomplete analgesia lasting for 3 minutes with a reaction time of 8 to 10 seconds, 
against a normal reaction time of 4 seconds. In one rat, a dose of 20 mgm./kgm. produced 
complete analgesia of 13 to 14 minutes’ duration. As soon as complete analgesia ceased, 
there followed a sudden return to the normal pain threshold. 

(d) Oral administration. In 2 rats, SO mgm./kgm. produced moderate analgesia of i 
and IJ hours’ duration, respectively. Four rats were given from 100 to 200 mgm./kgm. 
One showed complete, one high, two moderate analgesia. The duration ranged from 1} to 
2i hours. One rat treated with 400 mgm./kgm. showed no analgesia. 

3. Toxicological observ.^tioxs. a) While observations were made re- 
garding the pattern of analgesia, the appearance and nature of toxicity symptora.s 
were also studied. The data collected are sufiSciently extensive to prove that 
the degree of analgesia stands in no relationship to the toxic effects produced 
by opiates, such as temperature decrease, depression, immobility, and catalepsis. 
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Considerable discrepancy was noticeable between the low degree of analgesia 
following oral administration and the pronounced toxicity. By all methods 
of administration, sedation and catalepsis proved to be far more lasting than 
the rise in pain threshold. On the other hand, catalepsis, increase of tonus, or 
Straub reaction often appeared before analgesia. The following examples 
taken from the e.xperimental records will illustrate these points: 

Rat #950 — received subcutaneously 15 mgm./kgm. morphine — catalepsis lasted for 
over 3 hours, analgesia for less than IJ hours. 

Rat #2120 — received orally 750 mgm./kgm. morphine. Analgesia set in 2J hours after 
administration and was of short duration; catalepsis, depression and incoordination per- 
sisted for about 4 hours. While showing a normal pain threshold, the animal died in con- 
^Tilsions 5 hours after treatment. 

Rat #2119 — received orally 500 mgm /kgm. morphine and survived treatment. Rise in 
pain threshold occurred li hours after treatment and n as of short duration, while catalepsis 
lasted for more than 4 hours. 

Rat #2282 — Dilaudid 2 mgm./kgm. intraperitoneally. No pain threshold rise but mani- 
fest depression and incoordination of movements. 

Rats #2298 and 2299 — Dilaudid 4 mgm./kgm. intraperitoneally. Catalepsis 8 minutes 
after injection; analgesia *10 and 18 minutes, respectively. 

Hat #2281— Codeine SO mgm./kgm. subcutaneously. Incoordination, depression, 
Straub reaction, no analgesia. 

Rats #2219 and 2220— Codeine 10 mgm./kgm. intravenously. .Analgesia of 2 and 4 
minutes’ duration, respectively. Immobility and increased muscular tonus for 11 minutes. 

Rat #2305— Demerol 100 mgm./kgm. subcutaneously. Depression, catalepsis, tail 
reaction appeared between IS and 30 minutes after injection, while analgesia started 30 
minutes after the disappearance of these symptoms Tail reaction and increased tonus 
Outlasted the analgesic effect by li hours. 

b) Demerol. Toxicity determinations were made on both mice and rats. 
By intravenous injection, the maximum tolerated dose in mice was found to be 
40 mgm./kgm.; by subcutaneous, 100 mgm./kgm. The minimum lethal intra- 
venous dose was 70 mgm./kgm.; the subcutaneous, 175 mgm./kgm. These 
results agree with the mortality figures given by Schaumann (10). 

For rats, the average lethal subcutaneous dose was 350 mgm./kgm. as deter- 
mined on a total of 18 animals. To.xicity symptoms were similar to those follow- 
ing the administration of morphine: Tail reaction, increased muscular tonus, 
convulsions, depression, catalepsis. In some cases, doses of 150 mgm./kgm 
caused hematuria. — The maximum tolerated do^o by intravenous adminis- 
tration was 25 mgm. T;gm. (4/4 survivals), the minimum lethal dose, 40 mgm.- 
.degm. (2/5 survivals). 

P.MiT n. An algesic \CTivnw or acltylsalicylic aqd and aminopyrixe. 
IVc also sought to obtain some new data on the analgesic activity of acetvl 
s.'iliryhc acid and nminopyrine, since the information available in the literature 
i- rathei conflicting. Hesse and co-woikers (12) and likewise Hildcbrandt 
(1.3) olwerxcd -omc analgesic infiiience being everted by acctylsalicylic acid 
but none l)\ ammopyrine. On the other hand, Ilaffner (14) rcpoitcd amino- 
pyrine to be the only non-narcotic drug with analgesic activitv. Kucter .and 
Bichanls (15). a'vl Iloolfc and MacDonald (11) nbo obscn-cd'.anaige=ia with 
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aminop 3 ''rine but none uith acetj’lsalicylic acid. Sivadjian (16) could not dis- 
cover anj' analgesic influence of either of the two drugs. 

By using the method of thermal radiation, Smith, d’Amour and d’Amour 
(17) ivere able to produce analgesia with either of the two drugs alone in oral 
doses of 450 mgm./kgm. rat; on the other hand, no such analgesic influence 
was exerted when the two drugs were administered simultaneously (amino- 
pyrine 300 mgm./kgm. -f- aspirin 400 mgm./kgm.). 

Our oivn observations were as follows: 

1. Thirty -four rats were given oral doses of acetylsalicylic acid ranging from 
0.5 to 2.5 gm./kgm. Judging by either the tvitching or the flight reaction, 
the threshold of responsiveness was not raised in any of the animals. Out of 
10 rats receiving doses of 2 or 2.5 gm./kgm., which is within the range of the 
minimum lethal dose, three died without any change in threshold level. 

2. Aminopyrine was given in doses ranging from 0.3 to 1.5 gm./kgm. to 57 
rats. The tuntching reaction was influenced in only 20% of the animals, and 

TABLE 6 


Analgesia by oral administration of aminopyrine, considering twitching and flight 

reactions of rat 


DOSE 

KO. EATS ' 



ANALCESU IK EATS 



j Positive 1 

1 Boubtful 

j Negative 

Twitching 

Flight 

Twitching 

Flight 

Twitching 

FUght 

gm,/kgm. 








0.3 

3 

2 

3 



1 


0.5-0.75 

24 

3 

14 

3 

3 

18 

7 

1.0-1. 5 i 

1 

30 

6 

20 

3 

3 

21 

7 

Total 

57 

11 

37 

6 

6 

40 

14 


here the level of response was raised only slightly (to about 20 to 40% above 
the normal). The threshold for the flight reaction was raised to 60 to 100% 
above the normal and this in 65% of the rats. As far as analgesia was concerned, 
no dose-effect relationship could be observed. The results are summarized in 
table 6. 

The behavior of one rat (No. 1758) treated with 1.5 gm./kgm. aminopjTine 
was particularly characteristic for the difference in responsiveness evidenced 
in either the tvitching or the flight reaction. The animal died without shoving 
any change in the twitching reaction, while the flight threshold level was raised 
up to tvice the normal. 

Onset and duration of aminopyrine analgesia varied in different animals. 
Analgesia set in somewhere between J to 1 hour after administration and m 
general lasted less than 1 hour. 

Discussion. Our experiments show that a suitably modified method o 
the Hardy-Wolff technique may be used in small laboratory animals for deter- 
mining the time-action pattern of analgesics. In accordance vitb the findings 
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of these authors on humans, the reaction pattern of untreated animals is abso- 
lutely constant, and the stimulus required for pain response in treated animals 
stands in definite ratio to the dosage of the opiate used. 

Subcutaneous administration produced the most regular and lasting effect. 
In general, it was more pronounced than that obtained with corresponding 
doses given by either intraperitoneal or oral administration. 

The reaction curv^es following moderate or medium analgesic doses admin- 
istered either subcutaneously or intraperitoneally approximate a parabola. 
Intravenous injection of morphine, codeine, and demerol provided a much 
higher intensity of analgesia than subcutaneous injection, but this was of much 
shorter duration. 

An inteimittent course of analgesia was observed in a significant number 
of cases after intravenous administration. Working with barbiturates, Anderson 
and Essex (18) reported somewhat analogous observations. When dogs were 
given intravenous injections of barbiturates, these authors could obsen’e alter- 
nating dis- and reappearance of the drug in the blood stream. No explanation 
of this peculiar phenomenon can be given. 

After the subcutaneous administration of small analgesic doses, such an 
irregular course of morphine action was obsen'cd only occasionally (fig. 2). 

With all methods of administration, the time cun’es for analgesia did not 
coincide with those for depression and catalepsis. As a rule, depression was 
of longer duration than analgesia. Following oral administration, the weak 
analgesic effect was particularly strildng m comparison to the severity of the 
depression. 

There e.xist some interesting analogies between our observations and those 
made on humans by Seevers and Pfeiffer (19) Determining the pain thresh- 
old by the use of the Frey-hair method, these authors found that analgesia 
following intravenous injection of opiates is of a lesser degree and shorter duration 
than that produced by subcutaneous injection. Furthermore, they obseiwed 
that the degree of subjective depression and narcosis did not parallel that of 
analgesia. “It was a common experience for the individual to feel the greatest 
subjective depression following subcutaneous administration after the pain 
threshold had returned to its original level”. 

Our observation that one encounters a coiling dose for morphine administered 
subcutaneously has its analogj- in data obtained by chnical experimentation. 
Wolff, Hardy, and Goodcll (3) ob'^eived that by increasing the dosage of mor- 
phine from 15 to 30 mgm , a significantly increased effect was not produced, 
.such a.s could be obtained in the dosage range below 15 mgm. 

The “saturation” effect de-cnlicd by Wolff, Hardy, and Goodell lefcrred 
to intensity .a.s well a« duration of action. The fact that a dosage ceiling also 
exists for duiation is cimsideiwl by these authors to bo duo to a more rapid 
rate of elimination of the dnig when the do'ago is increased beyond a certain 
point Our expenmenlal results arc in confimiation of this liew. 

By .studying the data obtained by subcutaneous administration, which latter 
gnes the most regular ris-ults, a comparison can be made of tlic analgesic pat- 
terns of opiates at all levels of p.ain relief intensity. 
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In contrast to previous reports on codeine (Oelkers) and on demerol (IVoolfe 
and MacDonald), complete analgesia can be induced with these drugs when 
doses are sufficient^ high. According to our obsen^ations with the four opi- 
ates studied, the dose required to produce complete analgesia is to 21 times 
times the average analgesic dose. Thus, it is possible to ascertain the ratios 
of activity at all lev'els of analgesia. Table 7 shows the comparative activity 
ratios of codeine, dilaudid, and demerol in terms of morphine effectiv'eness. 

Using pain stimuli of medium intensity, the effectiveness of codeine is found 
'to be about one-seventh that of morpliine; the effectiveness of demerol about 
one-sixth that of morphine. However, when checking against pain stimuli 
of greater intensity, the effectiveness of codeine is higher than that of demerol.* 
In doses necessary for complete analgesia, dilaudid also becomes relatively more 
effective. 

The average analgesic doses determined by us agree fairly closely with those 
reported by Oelkers (9) for morphine, codeine, and dilaudid, and by Woolfe 
and MacDonald (11) for demerol. For morphine-demerol, the ratio of effec- 
tiveness corresponds to the data reported by Scbaumann (10) and those by 

TABLE 7 


Minimal, average, and complete analgesic doses of morphine, codeine, dihydromorphinone and 
demerol by subcutaneous administration (mgm./hgm.) 


DOSE 

UOR- 1 
PBZKE 

RATIO TO 
UOR* 
PHIS'E 

CODEINE ' 

RATIO TO 
UOR- 
PEINX 

DIHYDRO- 

UOR- 

PHINONE 

RATIO TO 
MOR- 
PHINE 

DEUE- I 
ROL 

RATIO TO 
UOR- 
PHISX 

Minimal effective 

Bl 

n 

28 

1/7 

ISI 

7.5 

20 

1/5 

Average analgesic 

Wm 

mm 

42 

1/7 


6.8 

33 

1/5.8 

Complete analgesic 

HI 

■1 

70 

1/4.7 

1.32 

11.4 

75-100 

1/5.6 


Woolfe and MacDonald (11). The minimum effective dose of codeine was 
found to be higher than reported by d’Amour and Smith (18 to 24 mgm./kgm. 
intraperitoneally), while the figure for dilaudid agrees vith the data reported 
by the two authors. 

WTien subcutaneous doses producing the same intensity of analgesia are 
being compared, the curves do not differ much from each other. For instance, 
a 12 to 15 mgm./kgm. dose of morphine maintains analgesia for an average 
duration of from 114 to 149 minutes; the comparable dose of codeine, 70mgm./ 
kgm., for 117 minutes; of dilaudid, 1.32 to 1.95 mgm./kgm., for 169 minutes; 
of demerol, 100 mgm./kgm., for 166 minutes. For dilaudid and codeine, a 
quantitative relationship was obseiwed to e.xist between dosage size and duration 
of action. The duration of analgesia following subcutaneous administration 
of morphine appeared to tend towards a ceiling. In individual rats, the duration 
was found to increase with the maximum intensity reached, at least with doses 
ranging from 5 to 15 mgm./kgm. 

* For codeine, the doses are e.\pressed as free base; for demerol, as hydrochloride. 
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The effect produced by 150 mgm./kgm. (s.c.) demerol ivas not greater than 
that obtained ivith 100 mgm./kgm. Thus, the latter figure might well be 
considered the “maximum effective dose”. — ^For dilaudid, the ceiling dose was 
not reached by injecting up to double the complete analgesic dose. 

By intraperitoneal administration, morphine, dilaudid and demerol were 
less effective than by subcutaneous. Codeine was about equally effective by 
either route. 

The ratios of minimum effectiveness uere not the same intravenously or 
subcutaneously. In order to produce analgesia by intravenous administration 
uith morphine, codeine, or demerol, approximately only J to f of the minimum 
analgesic subcutaneous dose was required, while with dilaudid approximately 
the same doses were required by both routes. 

The oral administration gave the lowest analgesic effect. An oral dose 
of 200-250 mgm./kgm. morpliine gave an effect corresponding to 5-7.5 
mgm./kgm. pven subcutaneousljx An oral dose of dihydromorphinone, 17.8 
mgm./kgm., produced an effect approximately equal to that of a subcutaneous 
dose of 0.88 mgm./kgm. With demerol, 100 to 200 mgm./kgm. orally were 
required to produce an effect comparable to that of 30 to 40 mgm./kgm. sub- 
cutaneously, while for codeine, over 530 mgm./kgm. per os were required to 
produce analgesia. No definite relationship between dose and effect could be 
established when opiates were given by oral administration. 

The results suggest that analgesic preparations do not show uniform ratios 
of effectiveness by different routes of administration. This fact may well 
account for the difference between our results and those of Eddj' and co-workers, 
the latter having used cats and having resorted onlj' to intramuscular injection. 

Our results indicate that acetylsalicylic acid does not influence the peripheral 
pain threshold in rats. This observation differs from the one reported by 
Wolff, Hardy, and Goodell (20) on humans. The latter authois obsen-ed 
that in allcnlivc subjects, acetylsalicylic acid ele^'ates the pain threshold level 
to 35% over the normal figure. Such an increase uas elicited with 0.3 gram 
given per os, and it lepresents the ceiling effect that could be reached. It 
must be mentioned, though, that in other experiments made b\' the same authors 
(21, 22) distraction, suggestion or placebos also raised the thieshold, and up to 
45%. It is interesting to note that there are similarities between the graphs 
obtained by suggestion or placebos on the one hand and by analgesics on the 
other. 

In view of all these factore, one may question the suitability of the Hardi-- 
Wolff-Goodcll method for the detection in humans of threshold variations lying 
uithm the range of elevation uhich can be brought about by suggestion. 

The finding that acetylsalicylic acid exerts no influence on the periph a al 
pain threshold agrees uith the common clinical obseivation that traumatic 
pain cannot be alloMatcd by acetylsalicylic acid. 

Using the flight reaction as an mdicatoi of pain sensation, it could be shown 
that aminoiiyniic raises the threshold level for this reaction. The twitching 
reaction (which can bo abolished easily by small doses of opiatas) nas affected 
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In contrast to previous reports on codeine (OeUcers) and on demerol (W’oolfe 
and MacDonald), complete analgesia can be induced nith these drugs when 
doses are sufBciently high. According to our obsen^ations with the four opi- 
ates studied, the dose required to produce complete analgesia is I 5 to 2 ^ times 
times the average analgesic dose. Thus, it is possible to ascertain the ratios 
of activity at all levels of analgesia. Table 7 shows the comparative activity 
ratios of codeine, dilaudid, and demerol in terms of morphine effectiveness. 

Using pain stimuli of medium intensity, the effectiveness of codeine is found 
to be about one-seventh that of morplune; the effectiveness of demerol about 
one-sixth that of morphine. However, when checking against pain stimuli 
of greater intensity, the effectiveness of codeine is higher than that of demerol.® 
In doses necessary for complete analgesia, dilaudid also becomes relatively more 
effective. 

The average analgesic doses determined by us agree fairly closely with those 
reported bj' Oelkers (9) for morphine, codeine, and dilaudid, and by Woolfe 
and MacDonald (11) for demerol. For morphine-demerol, the ratio of effec- 
tiveness corresponds to the data reported by Schaumann (10) and those by 

TABLE 7 


Minimal, average, and complete analgesic doses of morphine, codeine, dihydromorphinone and 
demerol by subcutaneous administration {mgm./kgm.) 


COSE 

UOK- 

PHINE 

RATIO TO 
UOR- 
FHIKE 

. 

1 

CODEIKE 1 

RATIO TO 
UOR- 
PSINX 

DIEYDRO- 

UOR- 

PHIXOSX 

RATIO TO ' 
UOR- 
THUJE 

0£U£> 
SOL 1 

axnoTo 

UOR- 

RfllKE 

Minimal effective 

Bl 

■■ 

28 

1/7 

0.53 

7.5 


1/5 

Average analgesic 

Wm 

mm 

42 

1/7 

0 88 

6.8 



Complete analgesic 


II 

70 

1/4.7 

1.32 

11.4 

75-100 

vm 


IVoolfe and MacDonald (11). The minimum effective dose of codeine was 
found to be higher than reported by d’ Amour and Smith (18 to 24 mgm./kgm. 
intraperitonealljO, while the figure for dilaudid agrees vith the data reported 
by the two authors. 

When subcutaneous doses producing the same intensity of analgesia are 
being compared, the curves do not differ much from each other. For instance, 
a 12 to 15 mgm./kgm. dose of morphine maintains analgesia for an average 
duration of from 114 to 149 minutes; the comparable dose of codeine, 70mgm./ 
kgm., for 117 minutes; of dilaudid, 1.32 to 1.95 mgm./kgm., for 169 minutes; 
of demerol, 100 mgm./kgm., for 166 minutes. For dilaudid and codeine, a 
quantitative relationship was observed to exist between dosage size and duration 
of action. The duration of analgesia following subcutaneous administration 
of morphine appeared to tend towards a ceiling. In individual rats, the duration 
was found to increase with the maximum intensity reached, at least with doseo 
ranging from 5 to 15 mgm./kgm. 

^ For codeine, the doses are expressed as free base; for demerol, as hydrochloride. 
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The effect produced by 150 mgm./kgm. (s.c.) demerol was not greater than 
that obtained with 100 mgm./kgm. Thus, the latter figure might well be 
considered the “ma.\-imum effective dose”. — ^For dilaudid, the ceiling dose was 
not reached by injecting up to double the complete analgesic dose. 

By intraperitoneal administration, moiphine, dilaudid and demerol were 
less effective than by subcutaneous. Codeine was about equally effective bj’ 
either route. 

The ratios of minimum effectiveness were not the same intravenously or 
subcutaneously. In order to produce analgesia by intravenous administration 
with morphine, codeine, or demerol, approximately only i to ^ of the minimum 
analgesic subcutaneous dose was required, while with dilaudid appro.ximatelj" 
the same doses were required by both routes. 

The oral administration gave the lowest analgesic effect. An oral dose 
of 200-250 mgm./kgm. morphine gave an effect corresponding to 5-7.5 
mgm./kgm. given subcutaneously. An oral dose of dihydromorphinone, 17.8 
mgm./kgm., produced an effect approximately equal to that of a subcutaneous 
dose of 0.88 mgm./kgm. With demerol, 100 to 200 mgm./kgm. orally were 
required to produce an effect comparable to that of 30 to 40 mgm./kgm. sub- 
cutaneously, while for codeine, over 530 mgm./kgm. per os were required to 
produce analgesia. Xo definite relationship between dose and effect could be 
established when opiates were given by oral administration. 

The results suggest that analgesic preparations do not show uniform ratios 
of effectiveness by different routes of administration. This fact may well 
account for the difference between our results and those of Edd}' and co-workers, 
the latter having used cats and having resorted only to intramuscular injection. 

Our results indicate that acetylsalicylic acid does not influence the peripheral 
pain threshold in rats. This observation differs from the one reported by 
Wolff, Hardy, and Goodell (20) on humans. The latter authors observed 
that in allcnttvc subjects, acetylsalicylic acid elevates the pain threshold level 
to 35% over the normal figure. Such an increase was elicited with 0.3 gram 
given per os, and it lepresents the ceiling effect that could be reached. It 
must be mentioned, though, that in other experiments made by the same authors 
(21, 22) distraction, suggestion or placebos also raised the threshold, and up to 
45%. It is interesting to note that there are similarities between the graphs 
obtained by suggestion or placebos on the one hand and by analgesics on the 
other. 

In view of all these factors, one may question the suitability of the Hardv- 
Wolff-Goodell method for the detection in humans of thresliold variations lying 
witiiin the range of elevation which can be brought about by sugeestion. 

Tlie finding tliat acetylsalicylic acid exerts no influence on the peripheral 
pain tbre-hold agrees with the common clinical obseivation that traumatic 
pain cannot be niieviatcd by acetyls.alicylic acid. 

Using the flight reaction as an indicator of pain .sensation, it could be .shown 
that aminopyrine rai-jcs the threshold level for this rc.aetion. The twitching 
h'action (which can bo nbolldied easily by small doses of opiate^) w.vs affected 
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only veiy slightly even by excessively large doses of aminopyrine. Thus, 
qualitatively, the analgesic influence of aminop 3 U'ine seems to be different from 
that exerted by opiates. The assumption is made that twitching and flight 
reactions are elicited in two separate areas of the central nervous system. Both 
aminopyrine and the opiates influence the area responsible for the flight reaction, 
while onlj' the latter drugs act at levels where the specific twitching reaction 
is elicited. 

From a quantitative point of view, analgesia produced by aminopyrine falls 
far short of that produced by opiates. It was impossible to reach complete 
analgesia even with toxic doses, and the relative duration of analgesia was much 
shorter. No definite dose-effect relationship could be observed when amino- 
pyrine was given orally. This may be attributed to the method of adminis- 
tration rather than to the drug itself, since with opiates, too, this relationship 
was not very constant. 


SUSIMAKY 

1. An adaptation of the Hardy-Wolff-Goodell method for measuring anal- 
gesia is described which makes the method suitable for pharmacological in- 
vestigations on small laboratory animals. With the aid of this technique, it 
was possible to make some new observations and determinations, viz.: 

2. Rats exhibit two reaction patterns. Both patterns are constant in un- 
treated animals. 

This observation proved useful for determining the pain threshold under 
varying conditions. Different doses of analgesics influenced the two reaction 
patterns in different degrees. 

3. For purposes of exact comparison, the time-action curves of analgesia 
for four opiates were determined on the same species (rat) by subcutaneous, 
intravenous, intraperitoneal, or oral administration. — Subcutaneous admin- 
istration of any of the four produced the most uniform pattern of action and 
an effect of longest duration. Medium size doses necessary to produce com- 
parable intensities of analgesia show also comparable parabolic time action 
curves. — Intravenous injection produced analgesia of significantly shorter 
duration. Oral administration produced analgesia of variable duration and 
with high doses only. — Intraperitoneal injection of morphine, dilaudid, or 
demerol gave a smaller effect than subcutaneous. For codeine, the figures 
were approximately the same. 

4. In a significant number of cases, there followed after intravenous admin- 
istration a tjqie of analgesia w^hich showed an irregular and intermittent course. 

5. For moiphine, given by subcutaneous administration, the existence of 
a maximum analgesic dose has been ascertained. It stands at 20 mgm./kgni. 
rat. — With doses low’er than 20 mgm., the total duration of analgesia was pro- 
portionate in general to the individual peak intensitj' reached, while the duration 
of the peak itself was proportionate to the dose. 

6. With each of the opiates used, onset, intensity, and duration of analgesia 
on the one hand and depression on the other showed different time-sequence.s. 
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7. The ratios between the effectiveness of codeine, dilaudid, and demerol 
on the one hand and that of morphine on the other vary with the degree of 
pain stimulation. These ratios were established for different pain relief levels 
by giving the drugs subcutaneously. 

8. The activity ratios between several opiates vary with the different routes 
of administration. 

9. Aminopyrine does exert some analgesic action. This, however, is quali- 
talively different from that of the opiates. 

10. The observation previously reported in the literature that acetylsalicylic 
acid has no analgesic acthdty was confinned by our observations. 
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The permeability of mycobacteria to the sulfonamides has not heretofore been 
demonstrated. Feinstone, et al. (1) have shown with the aid of the electron 
microscope that the drugs penetrate the Slreptococciis hemolylicus, and other 
obsen^ers, using different techniques, have made similar conclusions. In the 
present report a new and simple method is described which demonstrates the 
permeability of mycobacteria to these and similar drugs and the extent to which 
it is affected by temperature, pH, drug concentration and alteration of the 
organism by physical agents. 

The drugs used in this study were sulfathiazole (ST), sulfanilamide (SA), 
sulfadiazine (SD), sulfapyridine (SP), diaminodiphenylsulfone (DPS), promin 
and diasone. 

Mycobacteri-um tuberculosis. Strain H37, and Mycobacterium ranae were 
selected for the demonstration of permeability. They were grown on Long’s 
synthetic medium and the experiments w’ere carried out when the tubercle bacilli 
were 30 days old and the M. ranae 5 days old. 

Bacilli grown on Long’s medium produce a substance thought bj' some ob- 
servers (2 and 3) to be para-aminobenzoic acid (PABA). This substance, 
whatever its true nature, gives the diazo reaction and since it occurs not only 
free in the medium but also in the cells its complete removal was necessary' to 
avoid misinterpretation in subsequent color tests for the presence of the sulfona- 
mides. For this reason the follovang thorough washing procedure was employed 
prior to treatment with the sulfonamides. 

Approximately 10 grams of a w'et culture of mycobacteria were placed m a 
Buchner filter and freed of medium by thorough washing with distilled water. 
The bacilli were then placed in 200 ml. of distilled water and incubated for 
24 hours at 37°C., the flask being agitated occasionally. The bacillary suspen- 
sion was then filtered and the process repeated until the organisms were free of 
the diazo-reacting substance. 

After treatment with the sulfonamides in the various ways described in the 
individual experiments the organisms were repeatedly washed in distilled water 
and centrifuged until the supernatant fluid and the sedimented cells showed no 
color reaction to the Bratton and Marshall test. The color reactions were read 
as-b-b-!--!-, -b-b-b, -b-b, and -b, which are approximately equivalent to color 
standards made up with 0.4 mg.%, 0.3 mg.%, and 0.2 mg.% and 0.1 mg.% 
respectively of sulfathiazole. 

Experiiiext 1. Influence of temperature and concentration of ST on permc- 
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abilily. Washed M. ranae were placed in distilled water containing 5 ing.%. 
and 25 nig% of ST (2-sulfanilyl aminothiazole, Squibb). One half of each sus- 
pension was incubated at 37°C. for 48 hours and the other at 10°C. for 48 hours. 
The bacilli were then repeatedly washed udth distilled water until no color 
reaction was produced with the Bratton and Marshall method.' Three washings 
were required for the 5 mg.% concentration and five for the 25 mg.% concen- 
tration. The sedimented bacilli were then dried in the incubator and ground 
in a mortar until the material was no longer acidfast. 100 mg. of the ground 
bacilli were suspended in 1 ml. of distilled water and tested for ST. Tubercle 
bacilli (Strain H37) were also treated in this manner. The results are presented 
in table 1. 

From the table it may be seen that only the crushed bacilli gave a color reac- 
tion and that the deepest color was obtained with the higher concentration of 
the drug. The tubes containing the tested cinshed bacilli were centrifuged and 
it was obseiA'ed that color was present in the sedimented portion only. Bind- 
ing of the drug was more pronounced at 37°C. than at 10°C. as indicated by 
color intensity. M. ranae and H37 I'eacted similarly with regard to crushing 

TABLE 1 


Sitlfalhxaiole 


OKCANtSU 

37'C 

io*C. 

25 tnR % 

i me % 

25 me 'S. 

5 ms. % 

H)7 intact 

0 

0 

0 

0 

Hit crushed 

4 -+++ 1 

-b-b 

+ 

0 

M. ranae intact 

0 

0 

0 

0 

.V. ranae crushed . 

H — ^+4- 

4-+ 

+ 

0 


temperature and concentration of the drug. Untreated intact and crushed 
bacilli, used as controls, were negative to the diazo reaction. 

Experiment 2. Rale of extraction of ST from bacilli al different temperatures. 
Since the crushed, but not the intact, bacilli showed the presence of ST it seenjed 
reasonable to assume that the crushing made it possible to determine the pres- 
ence of the drug. This experiment was set up for the purpose of e.xtracting the 
drug from the intact cell. 

The intact mycobacteria from Experiment 1 which had been treated with 25 
mg.% ST and washed thoroughly were divided into three portions, each weigh- 
ing approximately 500 mg. (wet weight). The portions were placed in separate 
test tubes containing 5 ml. of distilled water and the contents thoroughly mi.xed. 
The tubes acre incubated for 24 hours at 37°C., 22'’C., and 10°C. respectively. 
The suircinatant fluid was then decanted and evaporated to 1 ml. volume and 
uhen tested for ST gave tlie following icsults:at37‘’C. -b-f-f-f; at 22°C. 
and at lO’C. +. 5 ml. of uatcr ucre then .added to the sediment in each tube 

'Sinrc am.all nmoiiiils ol mnlrri.al ncre Irgicd, corrcspondinKlv small amounts of the 
rr.-iKciils for » anil M's tp«l were used— 0.1 ml. of each pro\cd satisfactory. 
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and at this time all the tubes were incubated at 37°C. for 24 hours. The super- 
natant fluid was again decanted and evaporated to 1 ml. volume. The tube 
previously incubated at 37°C. now showed no evidence of ST, that at 22°C. -b-b, 
and that at 10°C. -b-b + - The bacilli from all the tubes were then separately 
dried and crushed and by B and M’s test were free from ST. 

This experiment indicates that the drug in the intact bacillus can be with- 
drawn in the presence of water and that the rate of rrithdrawal is more rapid 
at higher temperatures. Untreated washed bacilli, used as controls, were e.x- 
tracted at 37°C. for 48 hours. The concentrated’ supernatant fluid failed to 
give the diazo reaction. 

Experiment 3. Extraction of ST from crushed bacilli at different temperatures. 
In the following experiment M. ranac was treated with 25 mg.% ST in wafer 
for 48 hours at 37°C. After the removal of free ST by washing, the organisms 
were dried and crushed. Three 100 mg. portions were placed in 5 ml. of water 
each, shaken thoroughly and incubated for 24 hours at 37°C., 22'’C., and lO^C., 
respectively. The supernatant fluid was evaporated to 1 ml. as before and 
tested for ST. The tube incubated at 37°C. showed +4 — ! — b color, that at 
22°G.-b + + and the 10°G. sample -bd-- Fresh water was added to the sedi- 
ment and all tubes re-incubated at 37°C. for 24 hours. The 37'’C. sample was 
negative and the 22°C. and 10°C. samples gave -b and -b+ respectively. The 
sediment was also tested and showed no detectable color. 

Experiments 2 and 3 are in general comparable. The only significant dif- 
ference was the increased rate of extraction of the crushed bacilli at the lower 
temperatures. This might be due to the fact that during the process of crush- 
ing the cell w'as broken, thus facilitating the extraction process. 

Experiment 4. Period required for the maximum penetration of ST. Ten 
grams (wet weight) of washed M. ranac were placed in an Erlenmeyer flask con- 
taining 25 mg.% ST in 200 ml. of distilled water and incubated at 37°C. At 
intervals of 2, 6, 12, 24, 48 hours and 4 days samples were removed and thecells 
washed in distilled water until no color reaction was obtained. 500 mg. of 
sedimented bacilli from each sample were extracted in the usual manner and the 
following results were obtained: 2 hours -b, 6 hours -b-b, 12 hours -b++ 
the others -b + + + . To each tube of the series 5 additional ml. of water were 
added and the extraction continued for 24 hours. No trace of ST was found 
in any of the tubes e.xcept in the 48 hour and 4 day samples and here only a 
trace of the drug was found. 

It may be concluded from the above experiment that it requires about 48 
hours for the cells to take up a maximum amount of the drug. 

Experiment 5. Rate of extraction of ST from M. ranae. M. ranae was 
treated with 25 mg.% ST for 48 hours and washed free of the dnig. 500 mg- 
(wet weight) of the cells were placed in 5 ml. of distilled water and after brie 
shaking the cells were thrown dowm by centrifugation. The concentrate 
supernatant fluid was negative for free ST. _ 

5 ml. of water were added to the sediment and the tube incubated at 3^ O. 
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for one hour. This one hour extraction showed a trace of color by B and M’s 
test. The procedure was repeated by adding fresh 5 ml. amounts of water 
to the same sediment and incubating for periods of 5 hours, 20 hours, and 
24 hours. The concentrated supernatant fluids were tested after each incuba- 
tion period and the results were as follows: 5 hours , 20 hours -b-b and 24 
hours no detectable color. 

When M. ranae was treated with ST prepared in isotonic sodium chloride 
solution the results were comparable to M. ranae treated with water solutions of 
ST. However, 48 hours at 37°C, were required to extract all of the drug present 
in the bacilli as compared to 24 hours in distilled water. 

5% hypertonic salt solution (NaCl) containing 25 mg.% ST was used in 
like manner. Although more washings were required to remove free ST from 
the supernatant fluid and sediment, the results were similar to those obtained 
with physiological saline. 

The viability of M. ranae was not affected by this treatment. 

Experiment 6. Permeahility of M. ranae to related drugs. M. ranae treated 
with other compounds (SP, SD, SA, DPS, promin, diasone and diasoneplus 
sodium bicarbonate) in the usual manner yielded results qualitatively similar 
to but quantitatively different from the results obtained ivith ST. This was 
due probably to the difference in the amount of color developed by the vari- 
ous agents in response to Bratton and Marshall’s test. 

The most striking results were obtained with SA, DPS and diasone, all of 
which required additional washings to remove free drug and produced an in- 
tense color reaction on extraction. 

Experiment 7. Effect of jjH on ■permeability. In this experiment the effect 
of ST in buffer solutions of varying pH values was studied. 25 mg.% solutions 
of the drug were made at pH values of 4.0, 7.0 and 9.0, and washed M. ranae 
were added. The bacilli were treated as in the preceding experiments until the 
supernatant fluid and the sediment showed no free ST by the B and M method. 
500 mg. (wet weight) of the bacilli from each pH value were placed in 5 ml. of 
water and incubated at 37°C. for 24 hours. The supernatant fluid was con- 
centrated and tested for free ST, The results were: pH 4.0 -b++, pH 7.0 
-b + -b4-, and pH 9.0 a trace of color. Water was again added to the sedi- 
ment and after 24 hours no further color was obtained. 

This experiment was repeated with the tubercle bacillus and a comparison 
of the findings is presented in table 2. 

Experiment 8 Pcmicabilily of sulfonamide-resistant M. ranae. The pur- 
pose of this experiment w.os to determine the permeability of M. ranae rendered 
resistant to ST The organism was cultivated on Long’s medium in graded 
concentrations of ST until a luxuriant growtli wa.s obtained in a concentration 
of 100 nip.To wlicreas originally growth was inhibited by 1 mg.% of the drag. 
The resistant organism was then grown for ten generations on Long’s medium 
free of the drug, and at this time it was found that no diminution had occurred 
in the lesistant propertic.s of the org.anism. Tlic=e resistant organisms produced 
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approximately ten times as much of the diazo-reacting substance in Long's 
medium as did the susceptible parent strain, and as a consequence, required 
additional washing prior to treatment rnth ST. 

The washed bacilli were placed in 25 mg.% ST for 48 hours at 37'’C, They 
were then thoroughly washed and the ST extracted as outlined in previous 
experiments. The rate and amount of extraction of ST was the same for the 
resistant as for the sensitive organisms. 

This ST-resistant M. ranae was also fast to the other sulfonamide compounds 
used in this study. The permeability' of the resistant organisms to these drugs 
was also tested and the results were not appreciably different. 

Experiment 9. Penneabilily of dead cells lo ST. It has been established 
that there is a marked difference in permeability between the living and the 
dead cell (4) which is confirmed by the following experiment. 

ilf. ranae were placed in 10% formalin for 14 hours prior to treatment udth 
ST. It was found that after ten washings there was still a suggestion of color 
in the supernatant fluid and the sediment gave an intense color reaction. Ex- 


TABLE 2 
Sulfalhiazole 


OftCAKIStf 1 

1 

DITBATIOK Of 
EXTRACTION 

[ COLOR 1STEK5ITV AT 

pH4J) 

1 pH 7.0 

pHM 

M. ranae \ 

24 hours 

-r + + 

++-I-+ 

trace 


48 hours 

0 

0 

1 

0 

ilf. tuberculosis Strain 

24 hours 

+++ + 

+ + -1-+ i 

-1-1-1-+ 


48 hours 

-h 

+ i 


1 

3 days 

0 

0 1 

0 


traction of 500 mg. (wet weight) of the washed celb was carried out for six 
consecutive days and at this time the supernatant fluid still gave a marked color 
reaction. Tubercle bacilli treated with formalin behaved in a similar manner. 

The same procedure was carried out with heat-killed M. ranae and irith iff. 
ranae rendered non-acidfast by treatment with Aronson’s solution (etheij 
alcohol 1:1-1- 1% HCl) for five days. After treatment with ST it was found 
that the heat-killed and non-acidfast forms contained less ST than the organisiM 
killed by formalin but considerably more than the live organisms, as deteirnined 
by Bratton and Marshall’s test. 

The experiment shows that dead M. ranae retain considerably more of the drug 
than do the live bacilli. 

Discussion. The evidence presented in the first six experiments describe 
in this paper indicates that sulfonamides and sulfonamide-like agents are boun 
to mycobacteria both outside (on the surface of the bacterial cell) where tie 
drug presents a free para-amino group with which if can be diazotized, an ^ 
within the ceil where it cannot be demonstrated until the cell is meehaniea \ 
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crushed. It has also been demonstrated that this binding of the drug b ith loci 
on and in the bacterial cell is dependent upon time and temperature. Davis 
(5) demonstrated in his work on the binding of sulfonamides to proteins that 
there ^\as practically no diffcience between the degree of binding at 5° and at 
37° in 24 hours, uhcreas in these experiments there was a marked difference, 
indicating that a relatively large amount of the sulfonamide enters the bacterial 
cell and that time and temper atuie are important factors in determining this 
amount. Consideration of the relatively slow rate at which the agent enters the 
cell may explain, in part, the lag period nhrch has been obserwed in bacteriostasis 
of microorganisms by sulfonamides. 

Another point of interest in the observations presented here is that sulfanil- 
amide is taken up by the bacterial cells in larger amount than is sulfathiazole 
(even when consideration is taken of the fact that a somewhat smaller amount 
of this agent, approximately two-thirds, gives a color reaction by the B & M 
test equivalent to that of sulfathiazole). If the amount of a sulfonamide taken 
up by a bacterial cell were simply a function of the degree of binding of that 
sulfonamide to protein, one would expect on the basis of the observations of 
Davis (5) that only one-sixth as much sulfanilamide as sulfathiazole u ould be 
taken up by the cell at pH 7.0. However, when one assumes that the amount of 
sulfonamide which penetrates the peripheral structures of the bacterial cell is 
to a large extent a function of the concentration of the unionized species of the 
agent, as has been recently suggested (6), these observations are readily ex- 
plainable, for sulfathiazole is much more ionized at pH 7 than is sulfanilamide. 

As to the important question, whether or not sulfonamides and sulfonamide- 
like agents must enter the bacterial cell in order to effect bacteriostasis, the ob- 
servations presented in this paper do not give a definite answer. Various ob- 
scr\’ors have emphasized the importance of the phj'sico-chemical state of electro- 
negativity of the SO 2 group as the primarj' determinant of bacteriostatic ac- 
tivity of these agents (5, G, 7) and related this to the binding of the drugs to 
plasma proteins (5) and the effects of the sulfonamides on the electrokinetic 
mobility of bacterial suspensions (8), and it has not been unequivocally demon- 
strated that bacteriostatic agents which antagonize para-aminobenzoic acid 
must pass through the peripheral structures of microorganisms in order to 
reach the locus at which they exert their specific metabolic effect. 

The experiment with sulfonamide-fast organisms significantly demonstrates 
that the development of sulfonamide-resistance is accompanied bv increased 
production by the bacteria of a substance or substances which give the diazo 
reaction, and that the acquisition of sulfonamide-resistance does not mea.sure- 
ahiy affect the permeability or the capacity of the organisms to take up sulfon- 
amide'- from a ‘•ohition as observed by means of the technique described, 

'I'iie well known freeing of acidic groups on death of bacterial cells may ac- 
count for the ob-en-ed increase in binding of sulfathiazole by killed mj'cobacteria 
imismiich as more groupings would thus be made available in and on the bac- 
terial cells for coupling witli the basic amine group of the sulfonamides. But 
aKo, in view of the greater jx-nncability of the peripheral .stnicturcs of dead 
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cells, a frequently observed phenomenon, this increased binding may be due to 
the non-selective passage of both the unionized and the ionized forms of sulfa- 
thiazole into the bacterial cell, contrasting with the more or less selective passage 
of only the unionized form of low molecular weight organic compounds into liv- 
ing cells (4). 


SUMJIARV 

Evidence has been obtained by means of a newly described teclinique that 
sulfonamides and sulfonamide-like agents enter mycobacterial cells and the pos- 
sible relation between this fact and the mechanism of bacteriostasis by these 
agents is discussed. 

Sulfonamide-fast mycobacteria produce large amounts of diazotizable material 
and the development of drug-fastness does not appear to depend upon the change 
in permeability or binding of the sulfonamide to the bacterial cells. 

Mycobacteria killed by various techniques are demonstrated to bind more 
sulfonamide than do living organisms and the possible significance of this ob- 
servation is discussed. 

We wish to express our thanks to Dr. Ren4 J. Dubos and Dr. Gardner Mid- 
dlebrook for their helpful suggestions. 
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Introduction. A number of naturally occurring anti-eniymes and enzyme 
inhibitors have been reported in the literature. These inhibitors exhibit ividely 
differing properties and e.xert their inhibitions by a variety of mechanisms. One 
of the first inhibitors to be investigated was probably anti-catalase, which was 
found by Battelli and Stem (1) to be a heat stable, alcohol soluble substance 
which oxidised catalase. 

Inhibitors of proteolytic enzymes have been found. Northrup (2) isolated 
trypsin inhibitor, and Herriott (3) ciystallized pepsin inhibitor. Both of the 
latter had the properties of polypeptides. 

Inhibitors which act by hydrolysing the coenzyme are also knoiro. Ochoa 
(4) found that under anaerobic conations cocarboxylase was hydrolysed enzy- 
matically. Cozymase and alloxazine adenine dinucleotide are destroyed by 
nucleotidases present in tissues (5, 6, 7) and glutathione, the coenzyme of gly- 
o.xalase is hydrolysed by an enzjnne, antiglyoxalase (8). 

Geiger (9) has demonstrated the presence of a glycolytic inhibitor in brain and 
Krebs (10) found evidence for an inhibitor of d-amino acid oxidase in kidney. 
Neither of these factors was further investigated. 

In a preliminary communication (11) we reported that anoxia decreased the 
ability of excised hvei to metabolise lactic and amino acids. This was assumed 
to be caused by the presence of .some substance in the tissue which became active 
under anaeiobic conditions. On adding a water extract of liver to the freshly 
excised tissue or to the isolated d-aroino acid oxidase, a similar decrease in tlie 
metabolism of these substrates uas produced. It was found in these experiments 
in the case of d-amino acid oxidase that the inhibitor did not hydrolj-se the 
coenzyme but appeared to produce its effect by acting on the apoenzyme, or 
protein part of the enzyme 

Tlie present communication describes the partial purification, properties and 
conditions for activity of the inhibitor as xx ell as the kinetics of its action. 

UxrKniMi XTAL Methods 0\\ gen consumption was measured in Warburg manometers 
at S7°C Usuallj cadi x cssci contained a total x olume of 2 cc. in the main chamber; 0 3 ce 
8''i KOn and a roll of filter paper were placed m the center well to absorb CO, 

Nitrogen was determined by the micro Kjeldahl method using Ma and Zuaiaga’s mod- 
ifications (121 Protein was precipitated with metaphosphonc acid, centrifuged and di- 

> This work was earned out under a grant from the Mallinckrodt Chemical Works 
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gested in the usual manner Whpn ««« * • 

aliquot of the supernatant fluid was used nitrogen determinations were desired an 

chSr.!.” sf ssu'o" 

It was then suspended in pyrophosphate buff (^’HiisSO, precipitation, 

used in each vessel. Under Sum eonduf ^0=. 0.2 co. was 

azine adenine dinucleotide and substrate nb« amount of enzyme with excess al!o\- 

adenine dinucieotide (AAD) was nrenared f wi P®'' i'our. Alloxazinc 

of Warburg and Christian (13) and its nurin™ t tiuf^ors’ yeast by the method 

Was found to be 0.042. ' P J i eferrained from the data of these workers. 

Partial purification of the itihihUnr Pet n i 
sources of inhibitor. One part of lix^er if ^ 
distilled water. Small amounts of tiZ 

Elvehjem homogenizer fUi obta' a a modified Potter and 

pa.y; large, . •"‘’'’r'” 

liver prior to pvtraefmn .-tu ' . fit* tn the anng Blender. Freezing the 

creased the activitv of the freezing the water suspension often in- 

fluid 

this reasoD the »lid maturlal »„ diarded a"apa™?". ""A 

volume of citrate-phosphate buffer of pH 3 0 f 

HPO. aud .5,89 p.rtt aiM oU* iSf,?." (A-H PaHs 0.2M Na,. 

fuged and the inacthv t (iS). The mixture wa.s again centn- 

fluid was adjusted to 4 95 with lol' supernatant 

cipitate which formed was &oaS^^ 
saturated (NHg)jSO^ ivas added the mf 

tate suspended in distilled water’ One centnfuged, and the precipi- 

but more often 1 portion Occasionally complete solution was obtained, 

tvas diaLsed ovefS ?n r. ! The suqiension 

The preeipitate uhS. rema“SS,''?r ‘° "’™™ "an«i»iag (NH,)^0,. 

' 'S"h Iso T h-ing veX 

tating agents,' |omractiv^'*mlteriIlfouldT^“^"“^-°“" 
with (NHd),SOd. Full saturation wil fKH 

that obtained ivith half saturation F .ii increase the j-ield over 

also precipitate the inhibitor, ' saturation with MgSOi or NaCl would 

Curonfbrt ““ “ “A elution fren, 

purUed by the belied”, Lrf^r'S "1 

K.,HPO, in couee„t„«„„s „t .™,“ “f'' P? '■’> 

from the Cn(OH),. Phosphate buffer ptl 7 g a /? to elute the pretein 
results. After elution from the Cn(Om \'f *^f/2 appeared to give the best 
precipitated by half saturation with S'H t^f '“"j 

truter. The fmetion.tlo.s d=,eribS uSe^iSS T'‘ 

all solutions were kept on ice when not inTb ^ c r temperature but 

j- 1 1 ■ aa ^ '' ' u®“ uot in the ccntnfuge The colntimis wore 

dialysed against tap water to remove the precipitating agents. 
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Table 1 gives the activities and protein N contents of the various fractions. 

Since the activity exliibited by the inhibitor is not directly proportional to the 
concentration, various dilutions were tested. It will be seen from table 1 that 
the maximum actiidty per mg. N is reached irith the Cu(OH )2 eluate. In 
several experiments comparable inhibitions were obtained nith Cu(OH): elu- 
ates containing approximatelj" the same amount of protein N. 

Slahilitj/ of the extract. The inhibitor, whether in the intact liver or in u'ater 
extract is stable to freezing (table 2). Freezing the whole liver appears to in- 
crease the yield of inhibitor, probably increasing the disruption of the cells 
and thus liberating the active factor to a greater extent. 

TABLE 1 


Activities and protein N contents of various liver fractions 


TiucrioN 

PROTEIN 

K/\TSSEt 

Ol 

i.VHin. 

N TO 
PRODUCE 
100% IN-BIB. 

Boiled 

extract 

Active 

extract 


mg 



% 

mg. 

Original liver, 1 gm. in 10 cc 

1.11 

805 

458 

' 43 

2.57 

After precipitation at pH 4 0 


496 

318 

36 

1.63 

(N'HdsSO) precipitate, fraction I 


750 

498 

34 j 

0.345 

(KHOsSOt precipitate, traction II 

: 0.495 

1 910 

500 

45 

1,10 

(XHi)jSOi precipitate, fraction III 

[ 0.2136 

86S 

481 

45 ' 

0.475 

(XHOsSOi fraction 

1 5 

540 

109 

84 

1.78 



640 

202 

64 

0.775 



540 

299 

44 

0.377 

Various dilutions 

0.055 

540 

361 

35 

o.isr 


0 0183 

540 

403 

27 


Cu(OH)j eluate 

IB 

323 

ISO 

44 


f 

0.0319 

323 

209 

35 

IShikIH 


0.0159 

323 

229 

29 

0.0548 


0.0079 

323 

221 

32 

0.0247 

' 

, 0.0039 

323 

231 

29 

0.0135 


•Ml vessel.^ contained 0 2 cc enzyme, 0.2 cc. ■!.5% dl-alanine, 0.2 cc. tissue extract, 
0.1 cc. .lAD (1 mR./cc ) and 1.3 cc. buffer. 


Heating for 5 minutes at G0°C. partially inactivates the inhibitor and heating 
at 100° for 5 minutes results in complete inactivation. 

Evaporating to dryness at room temperature in air inactivates the extract 
whereas evaporation under the .same conditions to a small volume does not affect 
the activity (table 2). 

hJjfcct of liuffcr concentration on the activitij of the inhibitor. Table 3 shows that 
with incrca'od concentration of phosphate there is a dccre.ase in the activity of 
the inhibitor. The per cent inhibition produced in. M/10 phosphate buffer is 
con-iderably le^.s than that in M/00 buffer. In three different oxiierimcnts the 
inhibition produced in M/lO pliosphate was 39, 28 and 279^-, whereas in M/CO 
r>hos])hatc the corres])onding inhibitions were IG, 49 and 499c- 
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aHn^nnt'nf th^ “sual manner. ^Mien non-protein nitrogen determinations were desired an 
aliquot of the supernatant fluid was used. 

® Wdneys by the method of Warburg and 

G L! th„ =«''«ed only as far as the third (x\Hi).SOi precipitation. 

t pyrophosphate buffer and kept frozen in solid CO,. 0.2 ec. was 

e 1 eac \ esse . n cr optimum conditions this amount of enzyme with e.\cess allox- 
r"'"® 1 z 'a absorbed about GOO mra.» O, per hour. Alloxazine 

of Warhnrr ntrfVh Prepared from Fleischmann’s bakers’ yeast by the method 

was found t^be? Off ‘he data of these workers, 

Partial pun fwahon of the inhibitor. Rat, dog, and beef livers tvere used as 
sources o i i itor. One part of liver by weight was ground trith four parts ol 
distilled water. Srnall amounts of tissue were ground in a modified Potter and 
Eivehjem homogenizer (14) dbtained from the Scientific Glass Apparatus Com- 
pany; larger amounts were finely dmded in the Waring Blender. Freezing the 
iver prior to extraction with water or freezing the water suspension often in- 
crease e a^ctivity of the preparation. After centrifuging, the supernatant 
ui ex 1 ite actu ity almost equal to that of the original suspension, and for 
this reason the solid material was discarded. To the supernatant fluid an equal 
citrate-phosphate buffer of pH 3.0 was added (4.11 parts 0.2M Naj- 
f J n • O.IM citric acid) (15). The mixture was again centri- 

fuged and the inactive precipitate was discarded. The pH of the supernatant 
fluid was adjusted to 4.95 with 10% NaOH and the small amount of inactive pre- 
cipitate ''-hmli formed was discarded. To the clear, red fluid an equal volume of 
saturated (^^)2S04 was added, the mixture was centrifuged, and the precipi- 
tate suspended in distilled water. Occasionally complete solution was obtained, 
but more often a portion of the precipitate remained insoluble. The suspension 
was dialysed overmght in mraing tap water to remove the remaining (NH4).-S0i. 
The precipitate which remained after dialysis was separated by centrifugation 
and washed three times with small amounts of water. Tlie pooled clear solu- 
tions were quite active. Precipitation with (NHO-SO, after adjusting the pH to 

7 resulted in preparations having veoOow activity. 

and NaCl in various concentrations were used as precipi- 
.^ome active material could be precipitated by 30% saturation 
with (AHOzSOa. Full saturation irith (NH,),S04 did not increase the yield over 
that obtained inth half saturation. Full saturation with MgSOi or NaCl would 
also precipitate the inhibitor. 

^ further purified by adsorption on and elution from 

Cu(OH);, but large losses of material were experienced. Tlie Cu(OH); was 
method of Hen-iott (3). Both phosphate buffer pH 7.8 and 
Aa,HP04 m concentrations of M/10 and M/2 were used to elute the protein 
from the Cu(OH)-. Phosphate buffer pH 7.8 iM/2 appeared to give the best 
results. After elution from the Cu(OH)= and centrifugation, the inliibitor was 
precipitated by half saturation with (NH4)..S04, centrifuged and dissolved in 
water. The fractionations described wei-e carried out at room temperature but 
all solutions iiere kept on ice when not in the centrifuge. The solutions were 
dialysed against tap wafer to remove the precipitating agents. 
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Table 1 gives the activities and protein K contents of the various fractions. 

Since the actmty exhibited by the inhibitor is not directly proportional to the 
concentration, various dilutions were tested. It will be seen from table 1 that 
the Tnaytmurn activity per mg. N is reached wth the Cu(OH )2 eluate. In 
several experiments comparable inhibitions were obtained with Cu(OH): elu- 
ates containing approximately the same amount of protein X. 

Stabilily of the extract. The inhibitor, whether in the intact liver or in water 
extract is stable to freezing (table 2). Freezing the whole liver appears to in- 
crease the yield of inhibitor, probably by increasing the disruption of the cells 
and thus liberating the active factor to a greater extent. 

TABLE 1 


AclhHies and protein X contents of various liver fractions 


TBACIlO'f 

PROTEDf 

K/vesszl 

inc.*Oj 

IVHIB. 

K TO 
PRODUCE 
I0Q$o tVSIB. 

Soiled 

extract 

Actue 

extract 


mi 



Vc 

mg. 

Original liver, 1 gm in 10 cc. 

1.11 

805 

45S 

43 

2,57 

After preeipitatron at pH 4.0 

0.588 

496 

318 

36 

1.63 

(XHOjSO, precipitate, fraction I 

0.1176 

750 

49S 

i 34 

0.345 

precipitate, fraction II 

0 495 

910 

500 

45 ! 

1.10 

(XHOtSO, precipitate, fraction III ] 

0.2136 

S6S 

481 

45 

0.473 

(XHi);SO, fraction 

1.5 

540 

109 

84 

1.78 

f 

0.5 

540 

202 

64 

0.775 

1 

0.166 

540 

299 

44 

0.377 

Various dilutions < 

0.055 

540 

361 

35 

0.157 


0.0183 

540 

403 

27 

0.0678 

Cu(OH)j eluate 

0.0639 

323 

180 

44 


[ 

0.0319 

323 

209 

35 

0.091 


0.0159 

323 

229 

29 

0.0548 


0.0079 

323 

221 

32 

0.0247 


, 0.0039 

323 

231 

29 

0.0135 


.Ml vessels contained 0 2 cc enzyme, 0.2 cc. 4.5% dZ-alanine, 0.2 cc. tissue extract, 
0.1 cc AAD (1 mg /cc ) and 1 3 cc. buffer. 


Heatmg for 5 minutes at 60°C. partially inactivates the inhibitor and heating 
at 100° for 5 minutes results in complete inactivation. 

Evaporating to drjmess at room temperature in air inactivates the extract 
whereas evaporation under the same conditions to a small volume does not affect 
the activity (table 2). 

Effect of buffer concentration on the activity of the inhibitor. Table 3 shows that 
Kith increased concentration of phosphate there is a decrease in the activity of 
the inhibitor. The per cent inhibition produced in IM/IO phosphate buffer is 
considerably Ie=s than that in M/60 buffer. In three different experiments the 
inhibition produced in IM/IO phosphate was 39, 28 and 27%, whereas in M/60 
phosphate the corresponding inhibitions were 46, 49 and 49%. 
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TABLE 2 

Effect of freezing, heating and drying on the activity of the extract 


Oj uptake of the d-amino acid oxidase system with and without extract 



Ol XIPTAXE 

INHIBITIOH 



% 

1. Without extract 





26 

Extract frozen and thawed 


37 

Extract made from liver previously frozen 

361 

40 

2. Without extract 

612 


Extract heated at 60° for S min 

676 

6 

Extract heated at 100° for S min 

621 

0 

3. Without extract 



Extract 


31 

Extract evaporated to dryness at room temperature . . . 

618 

0 

4. Extract boiled 

618 



493 

20 

Evaporated extract diluted to same concentration as 


above — boiled 

653 


Evaporated extract diluted to same concentration as 




540 

17 





In experiments I and 2, water extracts of whole liver were used; in experiments 3 and 4, 
extracts purified by ammonium sulphate precipitation were used. Cu(OH)i eiuates were 
partially evaporated in other experiments without loss of activity. 


TABLE 3 

Effect of phosphate concentration on the activity of the inhibitor 


1.1 cc. of buffer at pH 7.2 and at the molarity indicated was added to each vessel. Final 

volume was 2 cc. 




UU.* 0« ABS0JlB£O 



M/IO 

M/30 

M/60 

M/120 


529 

617 

594 

617 


323 

340 

321 

30S 


39 

45 

46 

48 






390 


440 



279 


225 



28 


49 







384 


421 



279 

i 

213 



27 


49 
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Effect of -pH. From table 4 it may be seen that by decreasing the pH of the 
medium an increase in inhibition produced by the extract results. d-Amino acid 
o.vidase exhibits its greatest actmty at pH 9. As the pH is lowered its activity 
decreases. In the presence of inhibitor, however, the decrease in activity with 
change in pH is seen to be greater. At low pH the extract exerts its greatest 
activity, and the per cent inhibition is greatest. 

Possible proteolylic action of the inhibitor on the apoenzyme. In our previous 
communication we showed that the inhibitor seemed to exert its action by at- 
tacking the apoenzyme or protein part of the enzyme and not the coenzyme. It 
seemed possible that the inhibitor might be a cathepsin and exert its actmty by 

TABLE 4 

Effect of pH on the activity of the tnhibitpr of d-amino acid oxidase 
All vessels contained 1.1 cc M/60 buffer in a total volume of 2 cc. 


UM > 0} ABSOifiED AT \AEJOUS pH*S 


pH 


59 

70 

76 

9J 

Experiment I 






No extract 

406 

386(?) 

467 

530 

552 

Extract 

ISO 

146 

220 

268 

275 

% inhibition 

63 

62 

S3 

50 

1 SO 

pH 

S6 j 

71 




Experiment II 

1 


i 



Boiled extract 

190 

632 




Active extract 

85 

403 




% inhibition 

55 

36 




pH 

64 

7.4 




Experiment III 






Boiled extract 

245 

377 




Active extract 

145 

240 




% inhibition 

41 

36 





hydrolysing the apoenzjme. This possibility was tested by incubating the 
apoenzyme with the inhibitor under the usual conditions of the e-xperiment and 
determining NPN and protein N at intervals. No change in either protein N or 
NPN could be detected during the course of one hour by the methods used. 

Reversibility of inhibitory reaction. Since the per cent inhibition decreases 
with increase in pH of the medium it was thought that this fact might be used to 
test the reversibility of the reaction. Experiments were, therefore, set up at two 
considerably different pH’s and 0- consumption was measured in the presence 
and absence of inhibitor. The pH of the reaction carried out at low pH was then 
raised to that of the reaction carried out at the higher pH and O; consumption 
again measured. It was found that the per cent inhibition decreased vhen the 
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pH -ivas raised. The results of one t 3 ’pical experiment are given in table 5 and 
figure 1. Here it maj"^ be seen that in the -^'essel which was maintained at a low 
pH during the whole experimental period the inhibition was 53% for the first half 
of the e.xperimental period and 58% for the second half, whereas in the vessel in 
which the pH was raised from 5.6 to 7.2 the per cent inhibition decreased from 
52 to 36% (average of duplicate vessels). This would seem to indicate that by 
increasing the pH of the medium the inhibitor can be dissociated from the 
enzj’^me. 

Kinetics of inhibition. Since the action of the inhibitor appears to be reversible 
it seemed to be of interest to determine: 

(1) whetlier the inhibitor combined with the apoenzj’me and competed uith 
the coenzj'me for the apoenzyme. 

TABLE 5 

lievcrsibihty of inhibitory action 

All vessels contained 0 2 cc. enzyme, 0.1 cc. AAD, 1 0 ec. buffer, 0 2 cc. alanine and 0 3 
cc. extract. The side bulb contained 0 06 cc. M/2 buffer. Oj consumption was measured 
for 40 minutes before the liquid in side bulb was tipped in and for a further 40 minutes 
after-nards. 


1 

pH at start .... 

1 

7.3 

5 6 

1 

5 6 

5.6 

Boiled extract (mm ’ Oj) 

333 

101 

106 

125 

Active e.xtract (mm.’ 0.) 

196 

48 

55 

1 55 

% inhibition. . 

24 

53 

48 

56 


Addition from side bulb 


1 

BurniR 7 4 

BUFFER 5 15 

Na*HP0i 

NatHPOi 

pH after addition . 


5 8 

7 1 

7 2 

Boiled e.xtract (mm ’ 0:) 


89 

254 

383 

Active extract (mm.’ O 2 ) 


37 

170 

171 

% inhibition 


58 

33 

39 


(2) whether it combined uith the whole enzj-me (apoenzj'me-coenzj’me 

complex). 

(3) whether the inhibitor competed -with the substrate for the enzj'me- 

coenzyune complex. 

IMichaelis and IMenten (16) proposed that an enzj’matic reaction proceeds bj’ 
way of an enzj'me-substrate intermediate which breaks down to give the products 
of the reaction : 

EnzjTne + substrate ^ enzjune-substrate complex — > products of reaction + 
enzyme. The reaction velocity is then assumed to be proportional to the con- 
centration of the enzyme-substrate complex. 

Stadie and Zapp (17) applied this concept to the catalytic action of an enzyme 
which is dependent on a coenzjme for its activitj' and assumed the follo-ning 
equilibria to exist: 
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apoenzyme + coenzyme apoenzj'me-coenzyme complex 
apoenzyme-coenzyme complex + substrate ^ apoenzj'me-coenzyme-substrate 
complex — > apoenzyme-coenzyme complex -f products of reaction 

Their experimental results agreed with the theoretical considerations based 
on equations expressing velocity in terms of equilibrium constants. 

Lineweaver and Burk (18) have considered various aspects of the Michaelis- 
klenten theory especially as it applies to reactions in which different t}'pes 
of inhibitors are present. When the reciprocal of the velocity is plotted against 


70Qf 

6SO • 


pH 

START 

74 

SIDEBULB 
BUrr£R p H 74 

pH 
END 
7 2 

EXT 

BOILED 


74 

BUFfER pH7A 

At IPrpR H 9 

73 

5 8 

ACTIVE 

BOILED 


600 • 

• * 

52 

52 

wWrrbrX pri 3 £ 

BUFFER pH 52 

57 

7fl 

ACTIVE 

BOILED 

650 

- 0---0 

52 

Na2HP04 

72 

ACTIVE 



52 


7.1 

BOILED 

600 


52 

Na2HP04 

72 

ACTIVE 


250 

200 

ISO 

100 

50 



25 30 35 40 45 50 55 

TIME IN MINUTES 

Fig 1 Revebsibiliti of Inhibitort Actiox 
See table 5 for explanation 


the reciprocal of the substrate concentration straight lines are obtained both 
in the presence and absence of inhibitor. If the inhibitor competes mth sub- 
strate for the enzyme, the lines obtained in the presence and absence of inhib^itor 
have a common intercept, but in the presence of inhibitor the slope is increased. 
If the inhibition is noncompetitive, the intercept is increased, but the slopes re- 
main equal. The denvation of the equations used to represent the velocitv- 
substrate relationships in the presence and absence of such inhibitors are given 
by Lineweaver and Burk (18), and bj" Wilson (19, 20). 
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We have developed equations to represent conditions in which an inhibitor 
for d-amino acid oxidase is present, and applied them to the interpretation of 
experimental results for determining the mechanism of action of the inhibitor. 

Symbols. The symbols are similar to those used by Stadie and Zapp (15) ex- 
cept that we use the term AAD for the coenzyme in conformity with our previous 
publications. , 

V = velocity of the reaction in micromoles/min. 

(P) = concentration (mole/i.) total enzjune 

(p) = concentration (mole/1.) of protein not combined with coenzjune or 

amino acid 

(A) = concentration (mole/i.) of total AAD 

(a) = concentration (mole/1.) of free AAD 

(iS) = concentration (mole/1.) of d(— )amino acid 

(/) = concentration of inhibitor 

(PA) = concentration (mole/1.) of protein-AAD complex 

(PAS) = concentration (mole/1.) of protein-AAD-amino acid complex , 

(PI) = concentration of protein-inhibitor complex 

(PAP) = concentration of protein-AAD-inhibitor complex 

KpA. — dissociation constant of protein-AAD complex 

J^PAs = dissociation constant of protein-AAD-amino acid complex 

Kp! — dissociation constant of protein-inhibitor complex 

KpAi = dissociation constant of protein-AAD-inhibitor complex 

k = proportionality constant 

1. Competition between inhibitor and AAD. Stadie and Zapp (17) have shown 
that for the amino acid oxidase system incompletely saturated with coenzj'me 
the following relationship exists : 


1 _ 1 r/i 1 , Kfas'Kpa 

k(P)lV^ (S)J'^ (S)(a) _ 


and when i is plotted against i a straight line results having 
V (a) 


an 


intercept of and a 


slope of 


k(P) 


KpaS'Kp. 

'W 


If the inhibitor competes with the coenzyme it probably combines with the 
enzyme by the same mechanism as does AAD. In the presence of inhibitor 
which competes with the coenzyme the following equilibria are assumed to exist. 


P + A:^ PA 
PA +S:^ PAS 
P + I ^ PI (inactive) 

(P) = (p) + (PA) + (PAS) + (PI) 


( 1 ) 
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(A) = (a) + (PA) + (PAS) 


(2) 

rr _ (?>)(a) 

Kpa 


(3) 

^ iPA){S) 

(PAS) 


(4) 

II 


(5) 

Combining equation 1, 3, 4 and 5, 



(P) - 4- (PAS) + 

(a) W 

[pm 

Kp, 



,-n t c\\ I KpAS , 1 , KpA'KrAsil)] 

= ^ ^ +'(flKwrJ 


Ify = k(PAS), 


UJ-T 
V fc(P) L 


, , Kpas I 


f KpA’KpAB , KpA'KpAsil)'' 


, that is, the intercept is the same as that mthout 


inhibitor 




A- Kpas ^ _ Kpa-Kpas 

(5) [S)Kpj J K{P)(S) 


(-£) 


Experiments were carried out in which Oz consumption was measured in the 
presence of various concentraions of AAD with and without inhibitor. 

Free AAD, (a), was calculated by the method suggested by Stadie and Zapp 
(17) using the following equation: 

(a) = (A) - [{PA) + (FAS)] = (A) - [l + {PAS) 

They assumed that the Oz uptake was directly proportional to the (PAS). This 
W'as determined from the data of Negelein and Bromel (21). Using a pure 
enzyme saturated with coenzyme and substrate they determined 0? uptake in 
pyrophosphate buffer, at pH 8.3 and SS'C. Assuming a molecular weight of 
70,000 they estimated that 1 gm. mole enzyme of purity 1 would cause the uptake 
of 2000 gm. moles of Oz per minute. 

In our ex-periments (PAS) was determined from the following equation: 

(PA q\ mm .»02 absorbed/hr./cc. reaction mix ture 
^ ‘ 60 X 22400 X 2000 

_ mm.’ Oj absorbed/hr./cc. reaction mixture 
2.688 X 10’ 
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In the presence of inhibitor, assuming P combines mth I gi\ang PI, the free 
AAD would be determined in the same way as in the absence of inhibitor, namel}' 
by dhuding the 0: absorbed/hr./cc. in the presence of inhibitor by 2.688 X 10’. 
The value for Kp^s determined by Stadie and Zapp was used. 

In several experiments we determined free AAD in the presence of inhibitor 
bj' the above method. In no case was the intercept in the presence of inhibitor 



Velocity of Reaction of d- A mino Acid Oxidase with Various 
Concentrations of AAD 

reciprocal moles 0-/I./min.; f n reciprocal moles uncombined AAD/1. 

and X- 
N/vessel. 


Fig. 2. Experijient 26. 

1 

reel] 

-X calculated “best 


free AAD 
' straight lines. 


Inhibitor; Cu(OH); eluate, 0.14 mg. protein 


equal to that in the absence of inhibitor so that I did not compete tvith AAD. 
Furthermore, when free AAD was determined on the assumption that all AAD 

was free which was not PA or PAS the curves for ^ against ^ were not straight 

but were parabolic (fig. 2) indicating that the calculated concentrations of free 
AAD were too high. This also pointed to the improbability of 1 combining 
vdth P to the exclusion of A. 
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3. The inhibitor combines with the emyme-cocnzijme complex. 
P + A^PA 
PA PAS 

PA + I ^ P-^I (inactive) 


(P) = (P) + iPA) + (PAS) + iPAI) 
(4) = (a) + (.PA) + (PAS) + (PAI) 


Kp^ 


KpaS 


(pm 

(PA) 

(PA)(S) 

(PAS) 


_ (PA)(D 
(PAD 


Combining equations 1, 3, 4 and 5, 

(P) 


KpAPA) Kp^s^'AS) iPA)(D 


(a) 

= (P.4S) 


(S) 

Kpa • ICpAS 


Kpai 


L (a)(S) 


-f + 1 + 

(S) ^ ^ (S)Kpa. 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


If V = k(PAS), 


1 1 r, , Kcas , Kp., Kp^s , Kp,s(Dl 

V k(P) L (S) (a)(S) 

Intercept + + 

1 iK 'K \ 

Slope = i*' 1® same as that without inhibitor 

N(-c) \ to) / 

In this case, since it is assumed that PA combines with I the free AAD could 
be determined from the following equation; 


(a) = (A) - 




- (PAD 


The amount of AAD bound as PAI was found bj' assuming that (P.47) is 
pioportional to the difference in 0: uptake in the presence and absence of in- 
hibitor. This value (mm.’ O 2 difference between the experiment without in- 
hiliitor and that with inhibitor) can be com-erted to (Pj 47) by dividing it bv 
2.C88 X 10® as in the case for (PAS). This value is then subtracted from (a) 
found in the absence of inliibitor. Table 6 gives the results in detail of a tj-pical 
experiment. 

Figure 3 is a graph derived from the data of this experiment. Free AAD was 
calculated in the manner described in this section. 
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In this experiment the intercepts of the curves for experiments with and 
without inhibitor are 1.11 X 10‘ and 0.502 X 10‘. The probability that the 
diflFerence in these values is due to chance is <0.01. The slopes of these curves 
are 0.266 X 10-® and 0.29 X 10“’ respectively. The probability that the differ- 
ence between these values is significant is <0.01. These analyses indicate, 
therefore, that the curve for the e.xperiment with inhibitor has the same slope 
but a greater intercept than that -without inhibitor. That the intercepts of 
curves -with and -without inhibitor are different signifies that the inhibitor does 
not compete -with AAD, and that the curves tend to be parallel indicates that 
the inhibitor combines -with the apoenzyme-coenzyme complex. 


TABLE 6 


Protocol of Experiment £88 



COKSCUPTION 


PAS 


a 


1 


a 


Control 


molesJL 

moUsJmin.lt. 

I moUsJl. 1 

1 moUsJl. 

1 



21.8 X 10 -’ 

1.90 X 10-< 

0.950 

X 10-’ 

•20.175 

X 10-’ 

0.0496 X 10' 1 

0.526 X 10* 

4.36 X 10-’ 

1.699 X 10-* 

0.849 

X 10-’ 

2.90S 

X 10-’ 

0.343 

X 10' 

0.592 X 10* 

2.91 X 10-’ 

1.489 X 10-* 

0.745 

X 10-’ 

1.637 

X 10-’ 

0.61 

X 10' 

0.670 X 10* 

2.18 X 10-’ 

1.280 X 10-< 

0.64 

X 10-’ 

1.085 

X 10-’ 

0.922 

X 10’ 

0.780 X 10* 


With inhibitor 


21.8 X 10-' 
4.36 X 10-' 
2.91 X 10-’ 
2.18 X 10-' 

0.91 X 10-< 
0.758 X 10-< 
0.833 X 10-* 
0.67 X 10-‘ 

HI 

8 

8 

3 


1.10 X 10* 
1.324 X 10* 
1.20 X 10* 
1.494 X 10* 


CONTBOL 

WITH IKHIBITOB 

n 

T 

P 

Calculated 






intercept 



4 

60 


Calculated 






slope 


0.266 X 10-> 

4 

18.5 



In table 7 the values for intercepts calculated for “best” straight lines are given 
for several experiments. It -will be seen that the values of intercepts obtained 
-with and -without inhibitor are significantly different for all cases. 

S. Competition between inhibitor and substrate for enzyme. Table 8 gives the 
results in detail of a typical experiment (Experiment 30) in which O 2 consumption 
was determined for various concentrations of substrate, -with and -without in- 
hibitor. Figure 4 represents the curves obtained from these data. The inter- 
cepts of “best” curves for experiments with and without inhibitor are 1.11 X 
and 0.502 X 10* and the probability that the difference between these values is 
due to chance is <0.01. The slopes are 0.266 X 10’ and 0.29 X 10’ respectively. 
The probability that these values are significantly different is <0.01, that is, 
the curves are probably parallel. 
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Figure 5 shows curves obtained from an experiment in which several concen 
trations of inhibitor were used. 



FREE AAO 

Fig. 3. Expebiment 288. Velocity of Reaction of iJ-Amino Acid Oxidase with Vabiocs 
CONCENTBATIONS OF AAD 

- reciprocal moles Oi/l /min ; {jgg ' AAo reciprocal moles uncombined AAD/1. Calcu- 
lated "best” lines drawn. Inhibitor: ammonium sulphate precipitate, 0.135 mg. protein 
N/ vessel. 


TABLE 7 

Significance o] differences between intercepts of curves for experiments in the presence and 
oiscnec of inhibitor when - is plollcd against 


Intercept 


Ejnptw- 

IttST 

SOTSTUATE 
COKC. M. 

COKTKOX. 

WITH IKBIBITOJt 

ixHisrros 
coNCEifnuTio>r 
MG. PXOTEIN N 

p 

■ 

P 

284 


0 33 

X 10' 

0.70 X 10' 

mSm 

4 

17.5 


292 


0 33 

X 10' 

0 50 X 10' 

BSiS 

4 

5.32 


294 


0 39 

X 10' 

0.459 X 10' 


4 

4.03 

<0.02 

16 

0 0253 

0 40 

X 10' 

0.85 X 10' 

0.24 

4 

7.62 

<0.01 

2 

0 006325 

0 4615 X 10' 

0.761 X 10' 

0.135 

4 

32.6 

<0.01 





0 716 X 10' 

0.027 

4 

3.99 

<0.02 

2SS 

0.006325 

0 502 

X 10' 

1 11 X 10* 

0.135 

4 

60.0 

<0.01 





0.53 X 10' 

0.0135 

4 

4.0 

<0.02 


The results of these experiments indicate that the inhibitor does not compete 
with the substrate. 

Discussion. An increase in blood NPN is one of the changes known to occur 
in shock. This is partially attributable to an increase in free amino acids accord- 
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ing to Lurje (22) and Engel et al. (23). We have found that kidney samples from 
dogs in shock from hemorrhage show a considerable decrease in their ability to 


TABLE 8 

Protocol of Experiment SO 


S <f-ALANINE ] 

S 1 

CONTROL 

1 TNaXS INTlIBlTOI 

Oi CONStJMED 

t 

Oj COKSUUED 

1 

t 

ynoUsJl. j 


tnoles/tnin /t 


moles/mift //. 


0.02S3 


2.53 X 10-* 

0 395 X 10* 

1.085 X 10-* 

0.922 X 10* 

0.01265 i 


2.352 X KT* 

0.4251 X 10* 

0.9S2 X 10-* 

1.018 X 10* 

0.00843 


2.202 X 10-‘ 

0.4540 X 10* 

0.96 X 10-* 

1.042 X 10* 

0.00562 j 

178 

2.152 X 10-‘ 

0.4645 X 10* 

0.2402 X 10-* 

1.352 X 10* 

0.0028 

357 

1.60 X 10-‘ 

0.6250 X 10* 



0.0014 

714 j 

0 744 X 10-< 1 

1.3440 X 10* 

0.565 X 10-* 

1.77 X 10* 



I 

5 

Fig. 4. Experiment 30 Velocity of Reaction of (/-.Amino .Acid Oxidase ivith Various 
Concentrations of (/(^/.Adanine 

^ reciprocal moles 0:/l /rmn ; ^ reciprocal moles (/-alanine/1. Calculated “best” lines 
draiin. Inhibitor CulOH); eluate, 0 14 mg protein X/vessel. 

oxidise glutamic acid and alanine when compared with samples removed prior to 
bleeding (24). Such a decrease in metabolic ability could be due either to de- 
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struction of coenzyme or to destruction of the apoenzyme. It has been shown 
in vivo that shock nill lead to an enzjTnatic destruction of the coenzjunes, co- 
carboxj'lase, cozymase and AAD, and that anoxia produces destruction of co- 
carboxj’Iase. In a preliminarj' communication we showed that anoxia decreased 
the ability of excised tissues to metabolise lactic and glutamic acids and alanine 
in vitro (11). The magnitude of the decrease was such that it could not be ac- 
counted for on the basis of coenzyme destruction alone. The assumption was 
made that during anoxia some factor, present in the tissues, comes into plaj’ which 
inhibits these enzyme sj^stems in a manner apart from hydrolysis of the coen- 
z.iTnes. It was then found that tissue extracts did contain a thermolabile sub- 



5 

Fig 5 ExPERinEXT227 Velocitv of Reaction- of d-AMixo Acid Oxidase niTH Various 

CoVCESTRATIOAS OF d-AUAXIXE 

- reciprocal moles O./l /mm ; ^ reciprocal moles d-alanine/1. Calculated "best” lines 

drawn Inhibitor beef liver extract carried through ammonium sulphate precipitation. 
Highest concentration of inhibitor 0 4965 mg protein A'/vessel; others diluted 1 and 5 and 
1 in 25 

stance which inhibits the oxidation of d-glutamic acid and di-alanine by pigeon 
liver and also inhibits the isolated d-amino acid o.xidase. The d-amino acid 
oxidase was chosen for further study because of its ease of preparation and be- 
cause it has been obtained in a highly purified state. In addition, the kinetics of 
its reaction have been studied (13, 17), The inhibitor of this enzjTne which w e 
have isolated may or may not be similar to other enzyme inhibitors. The possi- 
bility of the liberation or activation of such inhibitors in shock, or the production 
by shock of conditions fai'orable for their action may be one explanation of the 
decreased metabolic activity which occurs in shock and in anoxia. Experiments 
are in piogress to determine whether the injection of this inhibitor increases the 
blood amino acid content of dogs. 
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The factor is thermoJabile, non dialysable and appears to be a globulin, since 
it can be precipitated b3'' half saturation nith ammonium sulphate, or saturation 
with sodium chloride or magnesium sulphate. It is resistant to freezing and can 
be stored indefinitely in solid COj. 

The activity varies with the pH and with the concentration of phosphate in 
the medium . At low’ pH’s it exhibits its greatest inhibition. The low pH which 
exists in shock w’ould, therefore, favor its activity. High pH’s and high phos- 
phate concentrations decrease the inhibition of d-amino acid oxidase bj' this 
factor. 

It was reported in our preliminaiy paper that this inhibitor acted on the apo- 
enzyme and did not affect the coenzyme. We have carried out kinetic studies in 
an attempt to determine the mechanism of inhibition. Experiments indicate 
that the inhibitor does not compete with the coenzyme for the apoenzyme, that 
is, it does not form an apoenzyme-inhibitor complex to the exclusion of the 
coenzyme. Neither does it compete wnth the substrate for the enzyme-coenzyme 
complex. Our experiments support the view that it combines to form an’ apo- 
enzyme-coenzj'me-substrate-inhibitor complex w’hich is inactive. This complex 
is dissociable as has been shown by a decrease in inhibition produced by increasing 
the pH. 


StJMMARY 

The therraolabile, non dialysable inhibitor of d-amino acid oxidase has been 
further investigated. 

It can be precipitated by half saturation with ammonium sulphate and by 
saturation w’ith magnesium sulphate or sodium chloride. 

Adsorption on and elution from cupric hydroxide increases the purity. 

The solubility properties indicate that it is a globulin like substance. 

Phosphate in high concentrations inhibits its activity. 

The activity is greater at low pH’s than at high pH’s. 

The combination with d-amino acid oxidase appears to be reversible since a 
decrease in inhibition is observed when the pH is raised. 

Kinetic studies indicate that it does not compete with the coenzyme for the 
apoenzyme, neither does it compete rvith the substrate for the apoenzyme- 
coenzyme complex. It appears to form an apoenzyme-coenzyme-substrate- 
inhibitor complex. 

Acknowledgements. The authors wish to thank Miss Frances Detliier for 
technical assistance, and Dr. Paul M. Densen for advice on statistical calculations. 

Animal tissues were kindly supplied by the Neuhoff Packing Companj’, 
Nashr-ille, Tennessee. 

REFERENCiES 

1. Batteli .'iND Stean, J. Phj’siol. et Path. Gfn., 7, 957, 1905. 

2. KoiiiHEOP, Crystalline Enzymes, Columbia Univ. Press, New Vork, 1939. 

3. HERiuorr, J. Gen. Phj’siol., 24, 325, 1940-41. 

4. Ochoa, Biochera. J., 33, 1202, 1939. 



SHOCK INDUCED BY HEMORRHAGE 


341 


5. Von Euleb, Mtbback and Bbbnujs, Z. Physiol. Chem., 177, 237, 183, 60, 1929. 

Von Ebleb and GOntheb, Z. Physiol. Chem., 243, 1, 1936. 

Von Ebebb, Heiwinkeb and Schlenk, Z. Physiol. Chem., 247 , IV , 1937 . 

6. Mann and Qbastel, Biochem. J., 36, 502, 1941. 

7. Ochoa and Rossitek, Biochem. J., 33, 2008, 1939. 

8. Sckboedeb, Mbnho and Weid, J. Biol. Chem., 110, 181, 1935. 

9. Geiger, Biochem. J., 33, 866 (1939), 

10. Krebs, Biochem. J., 29, 1620 (1935). 

11. Greig, This Jobbnae, 81, 240 (1944). 

12. Ma and Zbazaga, Industrial and Eng. Chem., Anal. Ed., 14, 280 (1942). 

13. IVapbbhg and Chbistian, Biochem. Z., 298, ISO (1938). 

14. Potter and Elvehjem, J. Biol. Chem., 114, 495 (1936). 

15. Britton, Hydrogen Ions, Chapman and Hall, London (1929). 

16. Michaelis and Menten, Biochem. Z., 49, 33 (1914). 

17. Staoie and Zapp, J. Biol. Chem., IBO, 165 (1943). 

18. Lineb-eaver and Bbbk, j. Am. Chem. Soc,, 56, 658 (1934). 

19. Wilson, Respiratory Enzymes, Burgess Publishing Company, Minneapolis (1939). 

20. Ebeesolb, Guttentao and Wilson, Arch. Biochem., 3, 399 (1944). 

21. Neoelein and BbOmbl, Biochem. Z., 300, 225 (1939). 

22. Lbbje, Am. J. Surg., 32, 313 (1936). 

23. Engel, Winton and Long, J. Exp. Med., 77, 397 (1943). 

24. De Turk and Gbeig, This Journal, 83, 220, 1945. 



ANTITHYROID STUDIES. I. THE GOITROGENIC ACTIVITY OF 
SOME THIOUREAS, PYRIMIDINES AND 
MISCELLANEOUS COMPOUNDS 

D. A. McGINTY and W. G. BYWATER 
From Ihc Research Laboratories, Parke, Davis and Company, Detroit, Michigan 

Received for publication May 8, 1945 

It has been sho^vn that certain derivatives of aniline and of thiourea inhibit 
thyroid hormone synthesis in the th 3 Toid gland (1) (2). As a consequence of 
prolonged treatment vdth these agents, the thyroid becomes exhausted of its 
stores of th 3 Toxin, blood concentration diminishes and a hypothyrofd state super- 
venes (3). Following an experimental investigation in rats of a large number 
of compounds which on the bases of their chemical configuration might have 
antithjuoid activity, Astwood (4) selected thiouracil as having the most promise 
from the point of view of potency and low toxicity. Subsequent clinical studies 
with thiouracil by Astwood and many others have shown that this compound 
effectively controls the manifestations of hj’perthj'roidism and that metabolic 
rates are reduced to normal levels. However, toxic reactions which are en- 
countered would seem to limit general use of thiouracil in prolonged treatment 
of thyroid disease. In vuew of the above observations and the importance 
of such drugs in the treatment of thyrotoxicosis, a systematic study of several 
chemical types of compounds was imdertaken in an effort to find drugs having 
greater activity than thiouracil and lesser toxicity vithin the therapeutic range. 

Recent studies by Astwood and Bissell (5) and by Larson and his associates 
(6) confirm the earlier conclusions of Astwood that thiourea, thiouracil and 
related compounds act primarily by blocking the utilization of iodine and that 
thyroid hyperplasia occurs as a secondary compensatorj' response by the pitui- 
tary as a consequence of diminution of circulating thjToxin. The net result 
is a decrease in total thyroid iodine concentration which in the case of thiouracil, 
Astwood and Bissell have shown is proportional to the amount of goitrogenic 
agent administered. Since thyroid iodine concentration can be determined 
simply and with accuracy, we have used the iodine content as a means of esti- 
mating antithyroid activity of the compounds tested. 

All of the more active compounds described bj'' Astwood and others contain 
within their molecule the — NHCSNH — grouping and this structure has been 
retained for the most part in the compounds which have been tested in this 
study. How'ever, certain liberties hav'e been taken with tliK configuration, 
for example, one of the nitrogen atoms of certain heterocj'clic ring compounds 
has been replaced bj' a sulfur atom. Also a goup of aniline deriv'atives have 
been studied since Astwood has shown that thej' induce hj^jerplasia when given 
to rats in large doses. In addition, a group of miscellaneous compoimds pos- 
sessing an SH group alone or an analog of such compounds have been included in 
this search for active agents. 
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AIethod . The method suggested by Astwood and Bissell (5) ivas modified by using im- 
mature rats (26-28 days) weighing 40-45 grams at the beginning of the 10 day test period 
rather than 100 gm. rats. The rats in groups of three were placed in wire bottom metab- 
olism cages and maintained in air-conditioned quarters at 25°C. The diet consisted of a 
standard breeder ration containing yellow cornmeal 33, whole wheat flour 31, whole milk 
powder 21, linseed meal 7, brewer’s yeast (Anheuser Busch G) 3, alfalfa meal 2, dried 
hog liver 2, CaCOj 0.5 and iodized NaCl 0.5 parts. Access to food was through a side arm 
feeder attached to the cage. Scattering of food was negligible. 

Early in the course of these studies it was observed that thyroids of rats on the above 
diet contained less than half as much iodine as was found by Astwood and Bissell. In 
order to avoid any possibility of an inadequate iodine intake and to increase thyroid iodine 
concentration so that it was comparable to that of the Boston colony, KI was added to the 
drinking water. This, a ith the iodine of the iodized salt in the food, insured a daily intake 
of approximately 12 gg iodine over that in other constituents of the diet. 

Compounds to be tested were mixed with the food except in the case of a few water soluble 
liquids which were dissolved in the drinking water. Food and water intakes and body 
weight were recorded every other day. The amount of compound which each rat received 
was calculated from the total food or water consumption over the ten day test period and is 
expressed as milligrams daily per kilogram of body weight. Average body weight over the 
teat period a as used for purposes of calculation. 

The rats n ere killed with chloroform and the thyroids dissected free from adiacent tissue 
and capsule. Pooled glands from each group of 3 rats were w eighed and analyzed for total 
iodine by Astwood and Bissell’s modification of Kendall’s method. 

Estimation of antithtroid activitv; Thiouraeil was taken as a standard for compari- 
son and activity values were assigned to compounds having antithyroid effects in terms of 
comparable doses which would reduce thyroid iodine concentrations to equivalent levels. 
For this purpose and for comparison of toxicity, thiouraeil was administered to various 
groups of rats over a wide range of concentration in the food. The results are condensed 
in table 1 along with several groups of control rats on the diet without thiouraeil. 

When thyroid iodine concentration values from these data are plotted on ordinates 
against the logarithm of the dose of thiouraeil on the abscissa as calculated from its concen- 
tration in the food and the average food intake, the points fall on a curve which seems to be 
best fitted by a straight line. This was true especially in the range of minimally effective 
doses to those which reduced iodine concentrations from the control level of 64 mg. per cent 
to 10 mg. per cent. Inspection of Astwood and Bissell's thiouraeil curve shows that values 
of thyroid iodine concentration plotted against the logarithm of the concentration of the 
drug in the drinking water was also nearly linear in that part of the curve showing the most 
rapid change in iodine concentration with increasing doses. Admittedly, on theoretical 
grounds the dose response curve may be logistic in character, becoming asymptotic at 2 mg. 
per cent iodine concentration. However, to facilitate the evaluation of many compounds 
by screening tests it was assumed that the curve was linear within the limitations adopted. 
The straight line curve for thiouraeil was calculated by the method of least squares and has 
been used as a standard (fig. 1). 

Preliminary' evaluation of all unknowns studied was done by giving daily doses of ap- 
proximately 10 and 100 mg. per kilogram body weight in the food or water. Information 
obtained from such screening tests eliminated from further testing the relatively inactive 
compounds or those having greater toxicity than thiouraeil. It may be observed from 

table land figure 1 that maximal reduction in thyroid iodine concentrationoccursat approxi- 
mately 10 mg thiouraeil per kg rat body weight daily (0 01% in food). The 100 mg. dose 
employed in screening tests not only served as a means of evaluation of goitrogenic activities 
of compounds less potent than thiouraeil but yielded information as to general toxicity. It 
must be emphasized, however, that evidence of toxicity by these tests is limited entirely to 
data from body weight change and reduction in food or water intake. While it may be 
argued that failure to gain weight may have been due to decreased food or water intake and 
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was therefore an inadequate criterion of toxicity, inspection of the data revealed that in 
moat cases decreased weight gains occurred at levels of drug intake at which little or no 
change in food consumption took place. 

Compounds which caused reduction in thyroid iodine concentration below 10 mg. per 
cent during preliminary screen tests were retested at one or more lower concentrations in 
the diet. In a number of such compounds so tested sufficient data were secured so that a 
complete dose response curve could be plotted. Figure 2 shows linear curves for several 
of these compounds. The lines were calculated by the least squares method from experi- 
mental data. It was observed that in all but one of the ten compounds which have been 
plotted in this manner, angles of the curves on semi-logarithmic, 4 cycles X 10 to the inch 
K & E graph paper, were almost identical, 128° ± 3.7°. It was assumed, therefore, that' 
the log dose response was linear for all compounds, and that the lines obtained by plotting 
the data were parallel to each other. 


TABLE 1 


S-thiouracil 


COUPOUND 
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or 
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TRATION 
m rooD 
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6 

oQjH 
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14.6 
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9 


52.0 

3.0 

26.2 

3.2 




9 


103 

3.0 

32.6 

1.4 




3 


190 

1.9 

28.1 

0.8 




3 

0.60 

578 

1.4 

35.8 

0.8 




6 


766 

1.0 


2.0 



The level of 12 mg. per cent thyroid iodine concentration was selected as the base line 
for comparing the activity of unknown agents and tbiouracil. This base was chosen for 
several reasons. It represented a definite response to active antithj'roid compounds well 
beyond any animal variability or analytical error in iodine determination and at the same 
time remained within the unquestionably linear portion of the dose response curve. Also, 
as Astwood (7) has pointed out, it is near this level of iodine concentration that increases 
in thyroid weight occur in the 10 da 3 ' test period. 

Relative activity of compounds shown in the tables was calculated by first plotting 
thyroid iodine concentration values against dose on 4-oycle semi-logarithmic paper. Pro- 
vided these points lay within the range of 10-40 mg. per cent iodine, one or more of them were 
projected to the 12 mg. per cent base line along the 128° slope line. The intercept on the 12 
mg. per cent line gave the dose of compound which theoretically reduced thyroid iodine to 
this level . The ratio of this dose or an average of several of such doses, to the corresponding 
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intake (6.4 mg, per kg.) of thiouracil which reduces thyroid iodine to 12 mg. per cent (fig. 1) 
is the estimated relative activity. TVhen sufficient data was available (fig. 2) to plot points 
through which a dose response curve could be drawn, the dose corresponding to the inter- 
cepts of these lines with the 12 mg, per cent base was used to calculate relative activity. 

Results, thiouebas and pyhimidines: Four compounds, thiourea, 
sym-(hethy]thiourea, sym-dibutyltbiourea and phenyltbiourea which have 



Tn; was given in the food and the dose shown on the abscissa (plotted on logarith- 

was calculated from concentration in the food and average daily food intake 
tS. is,?, wdme curve was fitted to the experimental data by the method of least squares. 
Opr ^ T 32 8-25 9 log D where I is iodine concentration in mg 

to bo'5y,5vigbt The dose of thiouracil which according 

a value reduces thyroid iodine to 12 mg per cent is 6 4 mg, per kg. and was assigned 


been, previously inv^tigated (1) (2), have also been tested in this study for 
purposes of comparison. In addition, eight other thiourea derivatives have 
been screened. In general they were all less active than thiouracil. Di- 
butylthiourea was much less active than diethylthiourea which in turn was 
more actn^c than thiourea or ethylthiourea. The relative activity of these 
compounds is shown in table 2. 

The pyrimidines and hexahydropyrimidines which have been studied are 
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substituted in the 2-position by sulfur except 2,4,6-trichloropyrimidine. Of 
the substituted thiouracil t3'pes, 4-methylthiouracil was slightly more effective 
than thiouracil while the iS'-phenyl derivative showed onlj' slight acti\dtj' and 
was also toxic (table 3). 

It is interestng to note that reduction of thiouracil and substitution in the 
1-position resulted in loss of activity as demonstrated bj' the data obtained for 



AVERAGE DAILY 005E-MGM.PER KG. BODY WEIGHT 


Fig. 2. Curves Showing Relationship between Thyroid Iodine Concentr.ation and 
Dose of Thiouracil, 5,5-Diethvl-2-Thiobarbitl'ric Acid, 2-Thi.azoline-2-Thiol, 
Benzimidazole-2-Thiol and Sym-Diethvlthiourea 


The compounds were given to rats in their food for a period of ten days. The average 
daily dose was calculated from the concentration in the food and the average food intaM. 
The lines, calculated by the method of least squares from experimental data show the 
similarity of slopes. Activit.v was calculated from the dose under the intercept of the 
slope line and the 12 mg. per cent base line, thiouracil being assigned a value of 100. 


1- butj'l-2-thiohe.xahj'dropjTimidine. It can be seen from table 2 that whereas 

2- thiobarbituric acid and its 5-nitroso and 5-methjd derivatives are inactive, 
some of the di-substituted derivatives of this 2-thiohexahydrop3Timidine 
possess pronounced activitj'. Thus 5,5-diethyI-2-thiobarbituric acid is more 
active than thiouracil. However, increasing the length of the alk3'l side- 
chains, resulted in decreased activit3' in this disubstituted series. The relative 
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activity of thiobarbital and thiouraeil varies apparently at different dosage 
ranges. According.to Astuood, Bissell and Hughes (8), thiobarbital is more 
active than thiouraeil at the lower dose ranges (0.003-0.02 per cent in food) 
but less active at the higher (0.02-0.1 per cent). UTiile our data do not lend 
themselves to accurate activity comparisons at different intakes of drugs, it is 
evident that the dose of thiobarbital that reduces the thjuoid iodine concen- 
tration to 12 rag. per cent is less than that of thiouraeil. We found, however, 
in contrast to the observations of Astvvood and coworkers, that thiobarbital 
was more to.\ic than thiouraeil at all levels of drug intake. Thus 88 thiouraeil 
fed rats showed an average weight gain of 3.3 grams per day during the ten 
day test period whereas 24 rats given thiobarbital in a similar dose range gained 
only 2.7 grams per day. 

Miscellaneous cojipounds: During the course of investigating the anti- 
thyroid activity of sulfur-containing compounds, a number of miscellaneous 
compounds available in our laboratories were fed to rats in the routine manner. 
These compounds and their relative potencies are listed in table 4. Pyridine- 
2-thiol, thiazoline-2-thiol and benzimidazole-2-thiol were the most active com- 
pounds found in this miscellaneous series. Derivatives of these substances 
are being investigated and will be the subject of another report. The straight 
line curves for mercapto-2-thiazoline and benzimidazole-2'thiol are shown in 
figure 2. 

It is interesting to note that when phenylthiourea having an activity of 14, 
is compared with benzimidazole-2-thiol with an activity of 116, ring closure 
has resulted in greatly enhanced activity: 



Phenylthiourea Benzimidazole-2-thiol (keto form) 

(14) (116) 

This increased effect may be due to the fact that the benzimidazole-2-thiol is 
a stronger acid than phenylthiourea and exists piedominately in the enol form. 
WTiether the acidity or ease of reduction of these compounds can be correlated 
with activity remains to be established. Another such comparison, although 
not strictly analogous, is that of propionyl thiourea and thiouraeil: 


■C XH 

1 1 

0=C XH 

i I 

CH. C=.S 

1 1 

1 1 

CH C==S 

(( t 

CH, XHj 

■' I 

CH— XH 


Propionvithiourea Thiouraeil 

(1-i) (100) 

Strict comparison should bo made with 4,5-dihydrothiouracil, which Astvvood 
(G) has found to be only ten per cent as active as thiouraeil, and therefore this 
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comparison does not follow the phenylthiourea-benzimidazole-2-thiol example. 
It is possible, however, that relationships similar to that of the phenylthiourea 
example %vill be foimd in the alkylthiourea series and these are being investigated. 

The results obtained vith p-aminobenzoic acid do not agree entirely with 
Astwood’s. Thyroid enlargement was slight and the dose resoonse vs. de- 
creased iodine was obtained only at the 1% and 5% levels. On the thiouracil 
activity scale p-aminobenzoic acid has 0.3% of the potency of thiouracil. Ester- 
ification of the carboxjd group (benzocaine) did not increase the activity nor 
did replacement of the amino group by the mercapto- or nitro-group. Astwood 
has shown that o-aminobenzoic acid is probably less active than the p-amino 
acid and the results in table 4 show no enhanced activity for the o-mercapto- 
nor o-nitrobenzoic acid. 


SUMMARY 

A group of 56 compounds have been tested for their ability to inhibit the 
function of the thyroid gland. The relative activity of these compounds has 
been determined by comparison with thiouracil using as a base the dose of the 
latter needed to reduce the thyroid iodine to 12 mg. per cent when the drug 
is administered to rats in the food for a ten day period. The relationship between 
the dose and the thyroid iodine concentration is a linear one for those compounds 
tested at several dose levels and it is postulated that other compounds ^vilI 
also give straight-lines having the same slope when the thjToid iodine concen- 
tration is plotted against dose. This assumption affords a practical means 
of determining the relative activities of comparable compounds. 

The thioureas tested were less active than thiouracil. Similarly, the tbio- 
barbituric acids investigated were also less active except 5 , 5 -diethyl- 2 -thiobar- 
bituric acid. 

Of the miscellaneous compoimds subjected to test, pyridine-2-thiol, thia- 
zoline-2-thiol and benzimidazole-2-thiol were found to be the most active. The 
latter two have been tested at several dose levels and found to be more effective 
than thiouracil in the rat. Derivatives of these compounds and of pyridine- 
2-thiol are being investigated further. 

Acknowledgment: We are indebted to Drs. E. B. Astwood of Harvard Univer- 
sity and R. W. Rawson of Massachusetts General Hospital for many helpful 
suggestions during the course of this work, to the Misses Clare Blackford and 
Vir^ia Hinchman for their technical assistance and to the Research Chemists 
of the staff for many of the compounds studied. 

REFERENCES 

(1) Mackenzie, J. B., C. G. ALacKenzie, and E. V. McCollum: Science, 94: 518, 1941. 

Mackenzie, C. G., and J. B. Mackenzie: Endocrinol., 32: 185, 1943. 

Richter, C. P., and K. H. Clisbv: Proc. Soc. E.\-per. Biol, and Med., 48 : 684, 1941. 

Arch. Path., 33: 46, 1942. 



ANTITHTROID STUDIES. I 


357 


Kennedy, T. H.: Nature, 150 : 233, 1942. 

(2) Astwood, E. B., J. Sdluvau, A. Bissede, and R. Tyslowitz; Endocrinol., 32; 210, 

1943. 

(3) Dempsey, E. W., and E. B. Astwood: Endocrinol., 32: S09, 1943. 

(4) Astwood, E. B.: This Joubnal, 78: 79, 1943. 

(5) Astwood, E. B., and A. Bibsele: Endocrinol., 34: 282, 1944. 

(6) Labson, R. a., F. Raymond Keating, Jk., W. Peacock, and R. W. Rawson: Endo- 

crinol., 36: 160, 1945. 

(7) Astwood, E. B.: Personal Communication. 

(8) Astwood, E. B., A. Biesell, and A. M. Hughes: Endocrinol., 36: 72, 1945. 



TOXICITY STUDIES ON BENZYL BENZOATE AND RELATED 
BENZYL COMPOUNDS 

BOYD E. GRAHMI and MARVIM H. KUIZEiVGA 
Erom ne Research Laboratories, The Upjohn Company, Kalamazoo, Michigan 

Received for publication May S, 19-15 

Numerous clinical reports have appeared in the literature during the past 
decade in which the use of benzjd benzoate, isopropyl alcohol combinations 
have been highly recommended for the treatment of scabies. Kissmeyer (1) 
reported treating some 8000 cases of scabies in a three or four year period with 
remarkable success, and little or no serious post-therapeutic dermatitis. Gold- 
man (2), Dauken (3), Ingles (4),"Vellin (5) and others have reported similar 
clinical experiences emplojdng benzyl benzoate solutions, lotions and ointments. 

In determining the effect in small laboratorj' animals, of an acaricidal prepara- 
tion containing benzyl benzoate 33% w/v, isopropanol 60% and cetyl alcohol, 
triethanolamine stearate and distilled water 20% w/v, it was found that cats 
are peculiarly hypersensitive to skin application. Preliminary experiments 
definitely showed that the isopropanol was not responsible for this to.xic effect. 
These findings are in agreement with the extensive reports in the literature on 
the effects of isopropyl alcohol after oral administration or external applica- 
tion to the skin. Our attention was, therefore, directed to a study of the to.xicity 
of benzyl benzoate and related benzyl compounds. Macht (6, 9, 12) Gruber 
(7, 8), Macht and Leach (10), Grant (11), Fuller and Hunter (13) Boruttau (14) 
and Baughton (15) have quite extensively studied the toxic and pharmacologic 
actions of these substances. This paper is concerned with further toxicity 
studies in which it was found that cats are peculiarlj^ hj-persensitive to skin 
applications of these benzyl compounds. 

Methods. Acute oral toxicity: The L.D.50, orally by stomach tube, was determined 
in rats, rabbits, cats and dogs (table 1). All animals were starved twenty-four to fortj'- 
eight hours before administration. A total of 140 rats, 57 rabbits, 11 cats and 4 dogs were 
used for this part of the study. Each animal was used only once. After preliminary 
orientation tests, not less than three groups of five rats and three rabbits each were used 
in the range of L.D.50 ± 0.5 gram per kilo. All animals were observed for two weeks or 
until death following administration of the test substances. 

Local application and aisorplioti tests: The cats and dogs used for this part of the study 
had an area on their backs clipped with fine electric clippers. The clipped areas in the cats 
were appro.\imately 4" by 6' or 7". The dogs had comparable areas clipped depending on 
the animals size. One of the dogs listed in table 3 had a much larger area clipped anP 
received a greater quantity of the test solution. 

The test solutions were applied to the backs of the animals b 3 ' the use of cotton balls 
held firmly with haemostatic forceps. During the application the clipped areas were 
thoroughly massaged to facilitate absorption. 

The test solutions applied to the larger domestic animals were applied with the use of 
a 4" pig bristle paint brush. Onlj- the sheep in this group had its back clipped. The 
area clipped was comparable to that in the cats and dogs. Twenty cats, three dogs and 
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one horse, heifer, sheep and pig were used in this part of the study. All animals recehdng 
these local applications were observ'ed for a period of two weeks or until death* 

Results. The minimal lethal doses for the five compounds investigated 
are given in table 1. The L.D.50 in cats and dogs was determined for benzyl 
benzoate but not for benzyl alcohol, methyl and ethyl benzoate and benzyl 
acetate. As is evident from the table, dogs are much more resistant to benzyl 
benzoate than the other animals, since they tolerated approximately ten times 
the L.D.50 dose found for rats, rabbits, and cats without e.xhibiting to.xic mani- 
festations. All the compounds are of the same order of to.xicity in rats and 
rabbits. Benzyl acetate was found to be somewhat less toxic than the others 
after oral administration. These results are about the same as INIacht (6) 
obtained folloning subcutaneous and intraperitoneal administration, e.xcept 
in the case of the acetate. He found it to be somewhat more toxic than the 
others and attributed his results to faster absorbability. 

TABLE 1 


Acute oral toxicity of benzyl compounds in laboratory animals 


COUPOUVO 

to 50 IV CRAMS PER EIXO 

Rats 1 

' Rabbits 

' Cats 

Dogs 

Benzyl benzoate 

Benzyl alcohol 

Ethyl benzoate 

Methyl benzoate 

Benzyl acetate 


I. 6S (12) 

J. 04 ( 9) 

2.63 (I2T 

2.17 (12) 

2.64 (12) 

2.24 (11) 

> 22.44 (4) 


* The number of animals used to obtain the L D 60 in each species is given in the paren- 
thesis. 


Toxic doses of the substances studied produced sjTnptoms referable to central 
nert'ous system stimulation in rats, rabbits and cats. In general, the rats 
exhibited piloerection, muscular incoordination, progressive paralysis of the 
hind limbs and finally violent spastic convulsions, dyspnea and death, usually 
immediately preceded by respirator}' paralysis. 

In the rat and rabbit toxic doses of benzyl alcohol produced complete prostra- 
tion within one-half hour following administration, and the animals remained 
in that condition until death. Rabbits receiving to.xic doses of the other four 
substances usually exhibited central nen-ous system stimulation similar to that 
observed in the rat followed b}' a twelve to twenty-four hour period of prostra- 
tion before death 

Cats which received toxic doses of benzyl benzoate exhibited effects similar 
to those observed in the rat and rabbit. Shortly after administration the cat 
developed excessive salivation, followed in two or three hQurs bv generalized 
tremor, muscular incoordination, paralj-sis of the hind limbs, violent convulsive 
.seizures and then prostration. Death usually occurred during the first twenty- 
four hours followng administration. Respirator}' paralysis usually immediatelv 
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preceded death. Cats appear to be able to tolerate beniyl benzoate orally 
about as well as rats and rabbits. 

Three, twenty-four hour urine samples were collected from one of the cats 
and one of the dogs receiving benzyl benzoate orally. These samples were 
treated according to Roaf’s method for the qualitative determination of hippuric 
acid as outlined in Hawk and Bergeim (16). A small quantity of white crystals 
were isolated from both of the first twenty-four hour samples. After recrystal- 
lization, the pure white substances melted at 187°C. Mixed melting points 


TABLE 2 


SUBSTANCE APFLIEX) 

NO. or 

CATS 

USED 

AVC. 
NO. or 
APmCA- 
TIONS 

APPBOX. 

AifT. 
APPLIED 
EACH AP- 
PLICATION 

EESX7LTS 

AVXS* 

ACE 

su»- 

WAt 

TDIE 

Isopropanol 60% 

Benzyl benzoate 33% 

2 


CC. 

20 

2 cats died 

hours 

43 

Ethyl alcohol 60% 
Benzyl henzoate 33% 

2 


20 

2 cats died 

46 

Water 60% 

Benzyl benzoate 33% 

2 


20 

2 cats died 

69 

Benzyl benzoate 100% 

2 , 

1 

20 

2 cats died 

22 

Benzyl benzoate 100% 

2 

B 

7.5 

2 cats died 

48 

1 

Benzyl alcohol 100% 

2 

B 

20 

2 cats died 

22 

Benzoic acid* 
Isopropanol 60% 

2 

■ 

20 

Cats sur\'ived. Apparently 
no absorption. 


Ethyl benzoate 100% 

2 

B 

20 

2 cats died 

20 

Methyl benzoate 100% 

2 

B 

20 

2 cats died 

21 

Benzyl acetate 100% 

2 

B 

20 

2 cats died 

11 


* 25% sol. of benzoic acid in 60% isqpropanol. 


taken with a known pure sample of hippuric acid were not depressed. No 
crj'stalline material could be isolated from any of the second and third twentj'- 
four hour urine samples. These urine studies seem to indicate that the cat is 
capable of converting benzyl benzoate to benzoic acid which combines with 
glycine to form hippuric acid. It has been reported by Quick (17) that about 
75 per cent of benzoic acid fed to a dog is excreted as glycuronic acid mono- 
benzoate. Although these urine studies were only qualitative in nature, it is 
possible in the cat as in the dog, a large quantity of the benzyl benzoate adminis- 
tered was excreted as glycuronate. 
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From these acute oral toidcity studies it is appareat that the dog is peculiarly 
resistant to benzyl benzoate since he can tolerate more than ten times the quan- 
tity which is lethal to rats, rabbits and cats. 

Irhitation and absobption studies local application in cats. The cats 
used for this part of the study were prepared as explained in the methods. The 
amount of each test solution applied was, of course, only approximate although 
an extreme effort was made to keep the amounts constant in each case. 

Benzyl benzoate alone and in various vehicles, henzjd alcohol, ethyl and methyl 
benzoate, and benzyl acetate are all lethal to cats when applied locally in the 
amounts indicated in table 2. 

A 25 per cent solution of benzoic acid in isopropanol 60% was nontoxic in 
the amounts applied, but this may be due to the fact that little or no absorption 
took place, as was evidenced by the white powder remaining on the cats’ back 
after the test solution had dried. 


TABLE 3 


SPtCIZS 

KO OF 
AKl. 
UAZ^ 

SUrBSTANCE APPLIED 

NO OP 
APPUCA" 
TIOKS 

APPSOX 
AMT 
APPUEO 
EACH AP> 
PMCATIOM 

XESDITS ‘ 

Dog 

R 

Benzyl benzoate 

6 

cc, 

100 

No toxic symptoms 

Dog 

RR 

Benzyl benzoate 

6 


No toxic symptoms 

Horse 

RR 

Benzyl benzoate 

6 


No toxic symptoms 

Heifer 

B 

Benzyl benzoate 

5 


No toxic symptoms 

Sheep 

B 

Benzyl benzoate 

5 


No toxic symptoms 

Pig 

HI 

Benzyl benzoate 

s 


No toxic symptoms 


All the cats in this study that died did so in much the same manner. 
Generally, they first exhibited excessive salivation and tuitching of the treated 
areas of their backs. This was followed somewhat later by generalized tremor, 
muscular incoordination, paralysis of the hind limbs and finally i-iolent conci- 
sions followed by respiratory failure and death. In some cases the cats remained 
completely prostrate following the convulsive seizures for many hours before 
death. In every case the cats that died lost from 200 to 400 grams in weight, 
undoubtedly caused by lack of intake of food and water. 

Local application in dogs and larger do.mestic animals. The dogs used 
for this part of the study were prepared in a manner similar to the cats re- 
ceiving local applications. The horse, heifer and pig did not have the hair 
clipped. 

Benzyl benzoate applied locally to dogs and larger domestic animals in the 
amounts indicated in table 3 were nonto.xic. In all of the larger animals, the 
amounts of test solutions were only approximate, but were sufficient to 
thoroughly saturate their backs at each application. 
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SUMIURY AND CONCLUSIONS 

1. The acute oral L.D.50 for benzyl benzoate, benzyl alcohol, methyl and 
ethyl benzoate and benzyl acetate was determined in rats and rabbits. The 
acute oral L.D.50 for benzyl benzoate only, was determined in cats and dogs. 

2. All five compounds studied are of the same order of toxicity, orally in rats 
and rabbits. Cats are able to tolerate benzyl benzoate orally about equallj’ 
as well as rats and rabbits. Dogs are considerably more resistant than any of 
the other three species to the oral administration of benzjd benzoate. 

3. Hippuric acid was isolated in small amounts from the urine of both dogs 
and cats fed benzyl benzoate orally. 

4. Benzyl benzoate alone and in various vehicles, benzyl alcohol, methjd 
and ethyl benzoate and benzyl acetate were all lethal when applied to the skin 
of cats. 

5. External application of benzyl benzoate to dogs, horses, heifers, sheep 
and pigs was found nontoxic even after five or six daily applications. 

The authors wsh to e.xpress their appreciation for the assistance given them 
by Mr. W. E. Spafford in handling all the animals used in these to.xicity studies. 
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Three major methods of treatment of poison ivy and allied dermatites in- 
volve immunological methods (antigen injections), anti-pruritic treatments 
and the use of topical agents which are supposed to destroy the irritant materials. 
Among the latter ferric chloride and potassium permanganate solutions have 
been widely used for the destruction of the toxicants by oxidation. The use of 
harsh oxidants can be justified on the basis of present knowledge of the chemical 
.structures of the irritant compounds. Studies by Majima and co-workers (1), 
McNair (2), Hill et al. (3), Mason and Schwartz (4), and Keil and co-workers 
(5, 0) have resulted in the isolation and identification of certain of the skin 
irritants of poison ivy, poison oak, Japanese lac and other plants of the Ana- 
cardiaceac. These compounds have been shomi to be fat-soluble substituted 
phenols and catechols characterized by a long unsaturated side-chain attached 
to the ring. The toxic behavior of these irritants on the skin has been ascribed 
to the presence of both hydroxyl groups and side-chain (7). 

In vie^^• of the chemical structures of the various Anacardiaceae and related 
toxicants (see 6, 8 and fig. 1), one might expect that these molecules would be 
oxidized to quinones by phenol oxidases. Since these oxidases attack such 
widely different compounds as mono- and polj'phenols, tyrosine (9), adrenalin 
and certain sex hormones (10), it would seem likely that the phenolic groups 
of the poison ivy and allied toxicants might be attacked by these enzymes with 
resultant loss of irritant properties (2). The possibility^ of enzymatic action 
on the toxicants of poison ivy- was pointed out by McNair (2) who obserwed that 
poison oak sap darkened upon exposure to air with an accompanying loss of 
toxicity (see also 11 and 12). He attributed this effect to the presence of an 
oxidase (laccase) in the sap. Recently in a preliminary note Sizer and Prokesch 
(13) have suggested that mushroom tyrosinase can inactivate poison ivy- e.xtracts 
in vitro. The present investigation is concerned with extending these studies 
to a wide variety of poison iry preparations as well as to pure compound.s which 
like poison ivy produce dermatitis. This study' is also concerned with the 
inactivation by tyrosinase of poison ivy compounds after they have been placed 
on the human skin. 

Experdmental .methods. (I) Materiah used. Toxicants.' The poison ivy prepara- 
tions Merc all commercial ones which had been obtained from the green leaves of tlie plant 

' Poison ivy extracts furnished through the courtesy of Lederle Laboratories, Inc., 
E. R. Squibb and Sons, .-Vrlington Chemical Co., Sharp and Dohme, Inc., Mulford Colloid 
Laboratories, Wyeth, Ine. Poison oak extract: Pitman-Moore Co. Kiurushi, urushiol, 
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by extraction with an organic solvent such as acetone, ether, or alcohol. Some of the 
preparations were further purified by removal of fats, waxes and chlorophyll. Jlost of 
these extracts were supplied dissolved in solvent, while the oleoresins were in paste form. 
Other natural toxicants included extracts of poison oak, Japanese kiurushi (obtained from 
crude Japanese lac) and extracted cashew nut shell liquid. 

The purified materials utilized included cardanol (distilled from cashew nut shell liquid, 
anacardol (from the cashew nut), anacardic acid (from the cashew nut), tetrahydro-ana- 


and 3-geranyl catechol (sj-nthetie, 14). 

OH 

OH 

f^SoH 

j^^OH 




=C~CH.— CHs— CH=C 


CH, 


,CH, 


'CH, 


Urushiol 


OH 




CitH,, 


Anacardol 


3-Geranyl 

Catechol 

OH 

OH 

n 

f) 



Tetrahydro-.Anacardol 

Cardanol 


OH 

OH 

j'^^COOH 

^=^COOH 


CisHji 

Anacardic Acid 

Tetrahydro-Anacardic Acid 


Fig. 1. Structuhal Formulae of Poison Ivy and Related Toxicants 


Tyrosinase preparations,^ These were prepared by Nelson from the edible mushroom, 
Psalliola campestris, according to the methods of Nelson et al. (9). Three different solu- 
tions were used which contained respectively -10,000, 6,000 and 4,200 Miller and Dawson 
catecholase units (15) and 500, 50 and 70 Adams and Nelson p-cresolase units (16). 

(2) Manomelric studies. The Bancroft differential respirometer was used at ST^C. at a 
shaking rate of 85 strokes per minute. Into the e.\perimental flask were placed 1.0 ml. 
of poison ivy extract or 10% oleoresin solution (organic solvent subsequently removed 
by air drying),’ 0.1-0.3 ml. tyrosinase solution, and 0.1 M phosphate buffer of pH 7.3 to 
make a total volume of 3.3 ml. The control flask contained the same, except that buffer 


3-geranyl catechol: Dr. Merrill W. Chase, Rockefeller Institute for Medical Research. 
Cashew nut oil preparations: Irvington Varnish and Insulator Co. Anacardic acid, 
anacardol, tetrahydroanacardic acid, tetrahydro-anacardol: T. E. Knock, Armour Re- 
search Foundation. 

= Wo are greatly indebted to Dr. J. F. Nelson of Columbia University for the tyrosinase 
preparations. 

’ Since the Mulford oleoresin was already suspended in buffer, the removal of the solvent 
was unneeessarj-. 
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or inactivated enzyme solution U'as substituted for the tj'rosinase. The same technic 
was used with the purified toxic compounds, except that 0.02-0.05 ml. of substrate was 
utilized instead of 1.0 ml. 



ifi 49 90 99 too lt.0 140 tOO ItO 


nue hours} 

Fio. 2. The Oxidxtiox by Ttbosinase of Poison Ivy and Poison Oak Extracts 

The experimental flask contained 0.3 ml. enzyme, 1.0 ml. extract (solvent evaporated 
off) and buffer to bring the volume to 3.3 ml. The control flask was the same but with 
buffer instead of enzyme. 

The toxicants used were: Squibb poison ivy extract (2%); Pitman-Moore poison oak 
extract (5%); Lederle poison ivy extract (unprocessed), an additional 0.1 tyrosinase 
was .added after 96 hours; Arlington poison ix’y (10%). 

After adjustment to temperature for 5 to 15 minutes, the stopcocks were closed and 
manometric readings of oxygen consumption were taken at frequent inten-als during the 
next 2-1 hours and then intermittently for one to five w eeks. Since the manometers measure 
only a total of 500 mm.> of gas, it was occasionally necessarj- to open the stopcocks for an 
instant so as to reequilibrate the height of the manometer fluid to zero. 

Rlsclts. Twenty-three experiments were performed with natural to.xieants. 
In figure 2 are presented four typical results of experiments xvhich have been 
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obtained with three different commercial extracts of poison ivy and one of poison 
oak. It ma3 be seen from this figure that in some experiments a lag period of 
a out ten hours is encountered before the reaction proceeds rapidly', while in 
ot er rases no lag period occurs. Although the reaction usualh' continues for 
moie t an 100 hours, the rate of ox3’gen consumption falls rapidly' during the 
first daj's and then continues at a low value for a long period of time. In most 
catalyzed bj’’ tjTosinase ( 9 ) the rate becomes retarded due to the 
m 1 ition of the^ enzjune bj' either substrate or reaction products or both. 
A similar inhibition of tyrosinase by poison ivj' to.xicants or their o.xidation 
products seems to occur. If new enzjTne is added after the rate has decreased 
( S- 2 ), the reaction proceeds again at an accelerated pace. While in most 
cases the reaction becomes retarded due to inactivation of the enz3Tne, in a few 
stu es, using onlj' very small amounts of pure compounds, it appears likelj' 
that the substrate may have become exhausted (fig. 3 ). Ko significant differ- 
ence in the kinetics of oxj'gen consumption was found among the three t3Tosinase 
preparations used. 

The action of t 3 'rosinase on the o.xidation of purified compounds was studied 
m 13 experiments, using cardanol, anacardol, anacardic acid, tetrah3’dro- 
anacardol, tetrahydro-anacardic acid, urushiol and 3 -geranyl catechol. In all 
cases ox3'gen consumption curves were obtained which were similar to those 
shown in figure 3 . Attention is called to the unusually long lag period in the 
case of anacardic acid. In general the results obtained irith the purified com- 
pounds were strikingl3' similar to those with the crude to.xicants, in spite of the 
fact that the former were much less miscible (and formed a separate phase) 
mth the buffer than the latter. 

Since man3* of the usual substrates of t 3 Tosinase, such as catechol, p3'rogallol, 
guaicol, etc., undergo autoxidation with an aecompan3ing darkening of color 
eien in the absence of t3aosinase, the toxicants under consideration might be 
e.xpected to undergo a similar reaction. In the usual manometric e.xperiments 
using t3Tosinase the results were independent of autoxidation, since the amount 
of toxicant was the same in both cups of the manometer. Auto.xidation was 
investigated in 8 experiments b3' placing onh- buffer in the control cup and sub- 
strate plus buffer (without enz3Tne) in the e.xperimental cup. The total volume 
in each cup was 3.3 ml. Tx-pical results are presented in figure 4 , from which 
it is apparent that both poison iv3' extracts and purified toxicants undergo a 
gradual o.xidation which is veiw^ much slower than when enz3'me is present. 

In the case of the poison iv3' extract (but not the purified compounds) the ques- 
tion arises as to whether or not the ox3'gen consumption is due to the presence 
of natural o.xidases from the plant. This po.ssibilit3’' is excluded, however, b3' 
experiments which indicate that autoxidation is not impeded b3' eliminating 
enz3TOe catal5rsis through heat inactivation (toxicant heated for 20 minutes at 
90 °C.) or b3' using an ether or acetone extract of the toxicant, since t3uosmase 
is insoluble in these solvents. 

Since the reaction continued for a relativel3' long period of time in the absence 
of added disinfectant, there is a chance that the measured oxygen consumption 
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was actually due to bacterial contamination. This possibility is excluded by 
the following; 1) Since the toxicant was present in both flasks, bacterial growth 
was equally possible in both (although never obser\'ed in either), yet oxygen 
consumption was always greater in the experimental flask. 2) hlany of the 



The control flask contained 3.3 ml. buffer, while the experimental flask contained 0.3 ml. 
enzyme, 3.0 ml. buffer, and one of the following; 0.05 ml. 3-geranyl catechol; O.M ml. tetra- 
hydro-anacardol; 0.01 ml. urushiol; 0.05 ml. anacardic acid; 0.05 ml. anacardol. 

toxicants are in themselve.s disinfectants. 3) In several experiments the anti- 
bacterial sub.stance, toluene or sodium ethylmercuric thiosalicylate, wasadded 
to the digest, but the results on oxj’gen consumption were the same as usual. 

(3) Animal experiments. .A,lthough the preceding manometric studic.s clearly 
indicate that mushroom tyrosinase catalyzes the o.xidation of poison ivy toxi- 
cants and related irritant compounds, there is no indication from these experi- 
ments that the toxicant properties of these materials have been altered. In 
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order to obtain information on this problem,. experiments were performed to 
determine the effect of tyrosinase on the toxicity of these compounds, as deter- 
mined by their ability to produce dermatitis on humans and guinea pigs. 

Since in most experiments the suspension in the manometer flasks was not 
homogeneous, it ivas customarj’ to extract the fat-soluble toxicants from the 
digest with 5 ml. of ether. This was done with both the experimental and 
control flasks. Other investigators (5, 17-20) have clearly shomi that the 
patch test is the method of choice in demonstrating quantitative sensitivity 



to poison ivy and related toxicants. In view of the fact that there is a tre- 
mendous variation in the toxicity of dermatitis-producing preparations, as well 
as a verj’ great difference in sensitivity of individuals to these materials, it was 
necessary to consider these factors in selecting the dosage to be emploj’ed m 
the patch test. If too little material was applied, no results were obtained, 
because no dermatitis appeared in either area. If too much material was used, 
no difference was observed, because a verj’ severe dermatitis, which could not 
be differentiated, was produced in bothareas. If amounts of toxicant just above 
the threshold of sensitivity were employed, clear-out positive results were 
usually obtained. The control area usually showed a much greater irritation; 
in many experiments no trace of sjumptoms appeared in the e.xperimental area. 
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The technic employed in these studies was a modified patch test involving 
the use of a glass ring 1.75 cm. in diameter and 0.5 cm. high. The ring was held 
firmly against the skin and an aliquot (usually 0.1 ml.) of the ether extract 
placed in the ring. The solvent was evaporated with a current of air and the 
ring removed. The toxicant was left on the skin for 24 hours or until dermatitis 
was apparent, at which time the residual toxicant was removed with soap 
solution or organic solvent. Control and experiment areas were always treated 
identically. The severity of the dermatitis which appeared in both areas was 

TABLE 1 


Skin patch tests on humans comparing the dermatitis-producing properties of untreated and 
tyrosinase-treated toxicants 


SUBSTRATE 

POSITIVE 

REACTIOKS 

KECATU E 
REACTIONS 

SUB' 

TBRESHOtX) 

REACTIONS 

TOTAt 

EXPTS 

Unprocessed poison ivy (Lederlc) 


0 

7 

8 

Processed poison ivy (19.1%) (Lederlc) 


1 

0 

6 

Poison ivy (2%) (Squibb) . , 

0 

0 

2 

2 

Poison ivy (10%) (Arlington) 

1 

0 

0 

1 

Poison ivy (0.1%) (Arlington) 

0 

0 

1 

1 

Poison oak (5%) (Pitman-Moore) 

0 

0 

5 

5 

Poison ivy oleoresin (10%) (Sharp & Dohme) 

4 

0 

0 

4 

Poison ivy oleoresin (10%) (Mulford)* 

4 

0 

2 

6 

Poison ivy oleoresin (10%) (Wyeth) 

1 

0 

0 

1 

Kiurushi . 

1 

0 

0 

1 

Solvent Extracted Cashew Xut Shell Liquid (Ir- 
vington) 

1 

0 

0 

1 

Cardanol (redUUUed) 

0 

1 

0 

1 

Urushiol* 

6 

1 

0 

7 

3-geranyl catechol 

3 

0 

0 

3 

Anacardol 

2 

1 

0 

3 

Anacardic acid 

2 

0 

0 

2 

Tetrahydro-anacardol (10%) 

0 

0 

2 

2 

Tetrahydro-^anacardic acid (10%) 

0 

0 

1 

1 


* Tliis includes the cup and gauze patch test e.xperiments in which tyrosinase and 
to\ieants were applied simultaneously to the skin. 


compared for the next few days with reference to erythema, edema, spreading, 
pniritis, vesicle formation and, in severe ca=es, loss of epidermis and scarifi- 
cation. 

Human experiments. The forearm or leg was used for the application of 
test material in 55 experiments, all but one of which were performed on males. 
The purpose of these skin tests was to determine the activity of tyrosinase on 
the dermatitis-producing properties of each of the available to.xic preparations, 
rather than to accumulate many results with a single toxicant. The diagnosis 
of the comparative dermatitis of the control and e.xperimental areas was always 
made by at least two (frequently several) obsen-ers. In several experiments 
colored photograplis were taken of both areas. The human experiments are 
suminaiized in table 1. For po.ritive results the control area is more severe 
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than the experimental while for negative results the control area is no worse 
than the experimental. Sub-threshold results mean that dermatitis was absent 
from both areas because concentrations of toxicants used were so weak that no 
dermatitis was produced. It is apparent from the table that in many e.xpen- 
ments with a variety of different kinds of to.xicant preparations the 'oxidation 
of the toxicant by tyrosinase has very considerabl}'' reduced the dermatitis- 
producing properties of the irritant preparation. Although the tyrosinase 
catalyzed the oxidation of tetrahydro-anacardol and tetrahydro-anacardic 
acid, like their non-hydrogenated homologues, the two hj’drogenated com- 
pounds proved to be non-irritating either before or after treatment vith 
tyrosinase. These results on the decrease in toxicity after hydrogenation are 
consistent with the work of Toyama (7), Landsteiner and Jacobs (21) and Keil 
and co-workers (6). As would be expected, most of the other preparations 
listed in table 1, which in sub-threshold concentrations produced no dermatitis, 
gave positive results with greater amounts of toxicant. Similarly, many of 
those preparations yielding negative results, because dermatitis was very severe 
in both areas, produced positive results when smaller amounts just above 
threshold were applied to the skin. 

Since in all previous experiments the poison ivy or related to.xicant has been 
inactivated by tyrosinase in vitro and then tested on the skin, the question arises 
as to whether or not the active principle can be inactivated on the human skin 
by this enzyme. Two sets of experiments were performed using on the experi- 
mental area 0.2 ml. Mulford 10% poison ivy oleoresin solution, 0 4 ml. tyrosinase 
and 0.4 ml. buffer. The control was the same except that inactivated (boiled) 
enzyme was used. In a second pair of experiments the e.xperimental area was 
covered with 0.05 ml. unishiol, 0.4 ml. enzyme and 0.1 ml. buffer, while the 
control area was the same except that buffer replaced the enzyme. The solu- 
tions were either contained within glass cups or absorbed on guaze and held m 
close contact ivith the skin for not more than four hours with water-proof tape. 
The areas were thoroughly washed free of all reagents at the end of this time 
and then observed for dermatitis. In all four experiments the dermatitis of 
the control area was much the more severe of the two, indicating that poison ivy 
toxicants, while in contact with the skin, can be partially inactivated by tyro- 
sinase. In one e.xperiment 0.1 ml. Mulford 10% poison ivy oleoresin was left 
in contact with two skin areas for 4 hours and in 4 experiments for 12 houre and 
then washed off. A gauze patch containing 0.3 ml. tjTosinase plus 0.5 ml. 
buffer was then placed on the experimental area, while the control was covered 
with a patch containing 0.8 ml. buffer. The dermatitis which developed in the 
control area was more severe in these studies (except for one 12-hour experi- 
ment), indicating that tyrosinase is effective in decreasing the dermatitis even 
when the toxicant ha.s been on the skin for 4-12 hours and after all the super- 
ficial toxicant has been washed from the surface of the epidermis. 

Guinea pigs. Poison ivy dermatitis is similar but not identical in guinea pigs 
and man (21). Since guinea pigs are much less susceptible, they must first be 
plucked and sensitized before using. This technic, with minor variations, has 
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been utilized by all workers for poison ivy experiments (21-31). The procedure 
followed in this study was an adaptation of the methods used by these investi- 
gators. The flank was utilized as the area for the two patches, and 24 or more 
hours previous to the time of sensitization or administration of the experimental 
and control fluids the guinea pig was plucked by hand and the few remaining 
hairs removed by shaving. After the disappearance of all irritation from the 
epilation process, 0.1 ml. of 10% poison ivy oleoresin solution (in acetone) 
was applied to one flank in the sensitization process, while 0.1 ml. respectively 
of the control and experimental ether extracts were administered to the other 
flank in the actual investigation. The patch test technic was the same as that 
apphed to humans. Thirty-one experiments with guinea pigs are summarized 
in table 2. Although guinea pigs are less sensitive than humans, it is apparent 
from the table that results are very similar, indicating an oxidative inactivation 
of poison ivy toxicants by tyrosinase. 

TABLE 2 


Skin patch tests on guinea pigs comparing the dermatitis-producing properties of untreated 
and tyrosinase-treated toxicants 


SOTSpUTE 

POSITIVE 

REACTIONS 

NEGATIVE 

XEACTJONS 

SUB- 

TBSESHOLD 

IlEACnONS 

TOTAI. 

EXPTS 

Processed poison ivy (19.1%) (Lederle) 

0 

2 

0 

2 

Poison ivy (10%) (Arlington) 

1 

1 

1 

3 

Poison ivy oleoresin (10%) (Sharp & Dohme) 

8 


Q 

9 

UruBhiol 

5 


0 

6 

3-geranyl catechol 

1 


2 

4 

Anacardol 


^B^B 

0 

3 

Anacardic acid 


Bi 

1 

4 


(4) Colonmclnc studies on the oxidation of poison ivy toxicants hy tyrosinase. 
Since the oxidation of most phenolic substrates to quinones by tyrosinase is 
accomplished by the production of pigmented compounds, it seemed possible 
that a similar reaction might occur with poison ivy to.xicants. Qualitative 
data vere obtained in each experiment which showed that during the progressive 
action of tyrosinase on the various toxicants there was a gradual darkening of 
the solution. The control also showed a slight darkening after many hours, 
indicating that some aut oxidation had occurred. In view of the fact that all 
the studies on the action of tyrosinase upon the toxicants suggest that phenolic 
hydio.\yl groups aie coinerted to quinones, it should be possible to demonstrate 
this by a chemical test for phenols. The 2 ,6 dibromquinonechlorimide test (22) 
for phenols was found unsat isfactoiy, although it did give some evidence of a 
dcciea>-e in concentration of phenolic groups of the to.xicants produced by 
tyrosinase. The ferric chloride test, jnelding a blue color for phenolic groups 
(33), proved reliable and when used, clearly demonstrated a distinctly greater 
amount of phenolic groups in the untreated solution of toxicant than in the 
solution of toxicant treated with twosinase. Tliis was typical of all toxicants 
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tested ex'cept anacardic acid and its derivatii'es, which revealed no such differ- 
ence. In qualitative experiments the ferric chloride test indicated a pro- 
gressive decrease in amount of phenolic substance in the toxicant solution due 
to the action of tyrosinase. At the present time it would appear that the ferric 
chloride test for the action of tyrosinase is neither as sensitive nor as quanti- 
tative as the manometric method. 

Discussion. Since poison i\'j'’ toxicants and related materials have been 
shorn! to be phenolic compounds (1—7), it is not surprising that the toxicants 
resemble many other phenolic derivatives in undergoing at 37°C. a slow aUtoxi- 
dation to quinones with an accompanying darkening of color. Similar^', like 
many other phenolic compounds the o.xidation of these irritants, as measured 
manometrically and colorimetrically, is markedly accelerated by the addition 
of mushroom tyrosinase (13). The rate of enz^’matic oxidation, however, is 
determined by the specific molecular configuration of the toxicant undergoing 
oxidation (see figs. 1-2). Accompanying the cnzjTnatic o.xidation of these 
materials there is a very appreciable loss in their dermatitis-producing proper- 
ties. This is comparable to the loss of activity resulting from the oxidation 
of certain hormones such as adrenalin and estrogens by tyrosinase (10). 

Experiments on the use of tyrosinase (or other phenolases such as laccase 
(11, 12) in the treatment of poison ivy dermatitis are indicated in view of the 
fact that the partial inactivation of poison ivj' toxicants on the human skin by 
tyrosinase has been successful.^ Even when the poison ivy extract was applied 
to the skin four and twelve hours before the enzjTne, favorable results were 
obtained. These experiments suggest the possible use of tyrosinase as a pro- 
phylactic measure before or after contact with the toxicant, but before sjanp- 
toms of dermatitis have appeared. If this phenolase is effective even after 
erythema has first appeared, then the use of tyrosuiase in the treatment of 
poison ivy dermatitis is also suggested in view of the innocuous nature of the 
enzyme. While tyrosinase may be useful in treating dermatitis in its early 
stages, it seems doubtful whether it will be very effective in treating the ad- 
vanced stages after the toxicants have passed through the epidermis and dermis 
and have reached the lymphatics (29, 34). It may be possible, however, to 
facilitate penetration of the enzyme into the skin by increasing its permeability 
with “spreading factor” (hyaluronidase) (35, 36), by the utilization of electro- 
phoretic methods (37, 38) or by other means such as intradermal injection of 
sterile tyrosinase in the area showing dermatitis. 

SU.MMARY 

Purified mushroom tyrosinase catalj'zes the oxidation of the toxic principles 
of a large number of different commercial poison ii’.v concentrates, as well as 
extracts of related materials from poison oak, .Japanese lac and casliew nut shell 
liquid. It has a similar action upon the purified toxicants: urushiol, 3-geranyl 
catechol, anacardol, tetrahydro-anacardol, anacardic acid, tetrahydro-anacardic 

* Any possible effect of the many plant juices recommended for the treatment of poison 
ivy (see McNair, 2) might be explicable in terms of the tyrosinase present 
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acid and cardanol. These irritant materials slowly autoxidize, even in the 
absence of tyrosinase. The action of tjTOsinase in the oxidation of the phenolic 
groups of these toxicants has been studied by oxygen consumption measured 
manometrically, by a darkening in color during oxidation and b3’^ a disappear- 
ance of phenolic groups reactive with ferric chloride. 

Accompanj’’ing the o.xidation of these toxic materials bj’’ tj^osinase there is an 
appreciable decrease in the dermatitis-producing properties as measured by 
using both human and guinea pig skin patch tests. Tjurosinase is effective in 
the inactivation of the toxicants not only in vilro but also when applied to the 
human skin simultaneouslj’’ with the toxicants or a few hours after thej'have 
penetrated into the skin. The use of tyrosinase in the treatment of poison hy 
dermatitis in its early stages is suggested, although no information is as yet 
available concerning the utilization of this enzyme for the inactivation of the 
toxicants in the more advanced stages of the dermatitis. 
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THE ISOLATION OF DKp-CHLOROPHENYL) ACETIC ACID (DDA) 
FROM THE URINE OF RABBITS POISONED WITH 2,2 BIS 
(p-CHLOROPHENYL) 1,1,1 TRICHLORETHANE (DDT) 

E. F. STOHLMAK and M. I. SMITH 
From the Division of Physiology, National Institute of Health, Bethesda, Md. 

Received for publication May 15, 1945 

In a previous communication (1), the isolation and identification of 2,2 
his (p-chlorophenyl) 1,1,1 tvichlorethane from both the urine and feces of 
rabbits having received this substance intragastrically was reported. 

In that report it was pointed out that the urine of DDT poisoned rabbits 
after acidification and extraction with ether yielded two fractions each con- 
taining organically bound chlorine. One of these was ether soluble and water 
insoluble. The other was ether soluble when extracted from an acid medium, 
but became water soluble when made alkaline. It is the latter fraction that 
forms the basis of this report. 

Experimental. In general the experimental conditions outUned in the 
previous report (1) were also maintained in this one. A mixed group of both 
male and female rabbits, weighing from 1.9 to 2.5 kgm. were given repeatedly 
over a period of 33 days, 240 mgm. per kgm. DDT as an 8% solution in olive 
oil by stomach tube at one to three day intervals, depending upon the severity 
of the symptoms. While only one animal sundved two such doses, two survived 
a maximum of nine doses and the remaining nine a vaiying number betrveen 
these two extremes. Some replacements were made in those instances in which 
animals died following a relatively small number of administrations. Three 
animals were still receiving DDT at the time the experiment was terminated. 

The urines were collected daily, pooled, acidified, and extracted with ether, 
as described previously (2). The semi-viscous residues of the evaporated ether 
extracts were stored in a desiccator until after all of the DDT had been given. 
Any feces contaminated specimens were discarded. 

The total urine extract residues obtained during the last 27 days of DDT 
administration, representing 8,693 cc. urine, were pooled. These were taken 
up in absolute alcohol and made up to a total volume of 250 cc. Analysis of 
an aliquot by reduction with sodium in absolute alcohol as outlined in a previous 
publication (2) showed there was a total of approximately 800 mgm. of organic 
chlorine in this alcoholic solution. The balance of the alcoholic extract con- 
taining 790 mgm. chlorine was evaporated on a steam bath imder a current 
of air to a dark almost black viscous residue of about 12 cc. This residue was 
then taken up in 350 cc. alcohol-free ether. Considerable ether insoluble ma- 
terial, which also was water insoluble under these conditions was discarded, 
.Vnalys'is of this fraction yielded only 7,5 mgm. chlorme. 

The 350 cc. other solution was next washed 5 times with distilled water, using 
20 cc. in each of the first 3 washings, and 10 cc. in each of the last two. Analy- 

37o 
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sis of the evaporated residue showed the absence of all but mere traces of 
chlorine. 

The washed ether solution was evaporated to a solid residue with appro-vi- 
mately 4 cc. of an oily supernatant layer. To this was added 1 gm. of NazCOj 
in 10 cc. distilled water. Immediate reaction followed with some evolution 
of gas, and the formation of a thick viscous residue. This residue was ne.\t 
transferred to a separator}'' funnel with the aid of distilled water and alcohol- 
free ether. Sufficient distilled water was added to make total a volume of 100 
cc. More ether was added to a volume of 100 cc. More NasCOj was added 
until a pH of 8.4 W'as reached. After 4 extractions of the aqueous solution 'ndth 
ether the combined ethers were w'ashed 4 times, 5 cc. of distilled water being 
used in each washing. On analysis these pooled W'ashings contained 0.6 mgm. 
chlorine. The combined ethers (Fraction I) were evaporated to a moderate 
amount of viscous reddish brown residue. The residue ■was dissolved in absolute 
alcohol and an aliquot analyzed. This fraction had a total of 199 mgm. organic 
chlorine. 

The heavily pigmented alkaline aqueous solution was acidified with glacial 
acetic acid to pH 4.8. This was extracted 4 times with 75 cc. alcohol-free ether 
each. The pooled ethers were then washed five times with 10 cc. of distilled 
water for each washing. Analysis of the combined -u-ashings and the extracted 
aqueous solution, after evaporation }'ielded 4.2 mgm. chlorine. 

The ether extracts were pooled, evaporated, and the residue taken up m 
100 cc. absolute alcohol. Analysis of an aliquot showed this (Fraction II) 
contained approximately 583 mgm. chlorine. Appro.ximately one third of 
this was subjected to 27 recrystallizations from hot 80% alcohol. A crystalline 
powder weighing 69 mgm. was finally obtained. These crystals had a melting 
point of 165-166°C. After drying to constant weight a micro combustion 
analysis by Dr. A. T. Ness of the chemistry laboratory of this Institute, gave 
C 59.94; H 3.69; Cl 25.09; Theoretical C 59.81 ; H 3.59; Cl 25.23. The anal}-!- 
ical data agree ■well ■with those given by Grummit and associates for di(p-chIo- 
rophenyl)-acetic acid which they synthesized (3). 

Another ahquot of the alcoholic solution containing some 325 mgm. organic 
chlorine was evaporated to diyness. The residue was dissolved in about 
40 cc. boiling 36% acetic acid, boiled for a few minutes with 1 gram norite to 
decolorize, filtered and ■washed ■u’ith a little boiling 36% acetic acid. On cooling 
a crop of colorless crj'stals deposited (fig. 1). These ivere filtered, -washed irith 
water and dried in vacuo over a saturated solution of NaOH. The dried crj'stals 
weighed 315 mgm. They gave a melting point of 165-166'’C., and a chlorine 
determination showed 24.94%. The crystallization from acetic acid was adapted 
from a procedure used by Dr. H. Bauer in this laborator}' in the preparation 
of DDA from DDT. Spectrophotometric analysis of this material after nitra- 
tion (4) showed a maximum absorption at 540 Mu, and gave an optical density 
curve between the wave lengths of 460 and 620 millimicrons identical, within 
experimental error, with that of the pure compound made from DDT (fig. 2). 

Discussion. Summarizing the more essential data the following should 




Fio 1 PitoTO'iicnocntPH OF DDA Cbietai^ Isolated moM FuACTtoN 2 BY 

CnVSTALEIZATlOB FBOM 36% ACETJC AciD 


remaining 75% of the organically bound chlonne, 583 mgm. in all, was char- 
acterized by its sohibibty in ether as an acid, and solubility in water as a sodium 
salt From one-third of this fraction 69 mgm, of di(p-chlorophenyl) acetic 
acid were isolated by repeated recrj-stalhzations from 80% alcohol, jdeld of a 
little 01 er 8% 3 From the remainder 315 mgm. of the same co'stalline mate- 

rial Mere obtained by one ciystalUzation from 36% acetic acid with a jdeld of 
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about 24%. All this is consistent ivith the recently reported isolation of this 
substance from the urine of DDT poisoned rabbits by AMiite and Sweeney (5). 



WAVE LENGTH M;j. 

Tic 2 Assonmov Cir\i of Vitr\t! d DDA 
Optical densit} plotted against i\a\c length in niilliiiiicroiis Ml transmission measure- 
ments made at a depth of 1 0 cm with 0 1 iiig DD V equivalent in 5 cc benzol and 10 cc 
sodium methjlatc solution Curve A pure DDA made from DDT, curve B DDA isolated 
from fraction 2. 

It IS of course probable that by improt ing the technique of isolation a better 
yield of the acetic acid compound may be obtained, but it is also possible that 
other degradation products, partially or even completely dechlonnatcd, may 
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yet be present in addition to the two already isolated and identified. In the 
identification of partially dechlorinated degradation products the method of 
organic chlorine determination previously described (2, 0) will continue to be 
a useful guide; the identification of completely dechlorinated degradation prod- 
ucts of DDT, if such there are, vdll be a more difficult task. 

SUMifARr 

Di(p-chlorophenyl) acetic acid has been isolated from the urine of rabbits 
given DDT orally. The physiological significance of this degradation product 
in the detoxification of DDT is under investigation. 
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A COMPARATIVE STUDY OF THE EFFECTIVENESS OF 1,3,7 
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In a previous publication from this department (Huidobro and Amenabar) 
there were reported the findmgs of a study of the effectiveness of caffeine 
(1,3,7 trimethylxan thine) against fatigue Tlie conclusion was leached that 
the drug loners the excitatory threshold of acet 3 ’'lcholine in the action of this 
substance on the neuromuscular junction It nas thought northnlule to study 
the effectiveness of certain dimethj'Ixanthmes against fatigue in comparison 
with this property of caffeine, particulai Ij' in vien of the fact that it is stated 
in the literature that dimethyixanthines have a stimulating effect on skeletal 
muscle, although theii mode of action is not clarified (Goodman and Gilman, 
1941). 

Methods. The animals used were cats anesthetized with sodium pentobarbital 
(N'embutal Abbott 0 033 gm dissolved in 1 cc of 25% urethane per kilo body n eight, in 
traperitoneally) The trachea « as cannulated so that artificial respiration might be ad- 
ministered if necessary. 

The investigations were made on the quadriceps femoris muscle The tno ends of the 
femur isere fixed «ith clamps and the tendon of the quadriceps i\as attached to the short 
arm of a lever which worked against lubber bands The muscle was stimulated indirectly 
through Its nerve, which had been previouslj isolated and sectioned The stimuli con 
sisted of discharges from condensers controlled bj vacuum tubes Only maximum stimuli 
were used The electrodes were made of silver insulated with rubber 

Drugs used in the experiments were Prostigmine (Roche), certain salts of 1 Sdimethjl- 
xanthine (theophyllin), theophjllin ethjlenediamine (Aminophj llin. Collier*) in 3% aque- 
ous solution and theophyllin sodium acetate (Bajer) in 4% aqueous solution, a salt of 
theobromine (3,7 dimethylxanthine), namelj thcobiomine sodium salicjlate (Diuretin) 
in 5% aqueous solution, and caffeine (13 7 trimetln Ixanthine) 2 SO gm dissohed in 100 
cc of 4% sodium benzoate (For reasons of convenience in this presentation, these sub- 
stances, in the described concentrations, will be refeired to as aminophj llin, theoplij Ihn, 
diuretin, and caffeine ) In this concentration the solution of trimethvlxanthine is equiva- 
lent to the preparations of dimethjlxaiithines emploj’ed These concentrations of the 
dimethvlxanthines were used because of the percentages of theoplij llin and theobromine 
which had been studied bj' other investigators (Goodman and Gilman, 1941) The drugs 
were injected into the abdominal aorta after a preliminarv ligation of the contralateral 
common iliac artery and of the median sacral arterj Brazilian curare was also used, it 
was injected into the external jugular vein 

Results I. — Action of diuretin, theophyllin, aminophyllin, and caffeine 
on the contraction of directly stimulated muscle. -VIl of these drugs increase t)ie 

* Appreciation is expressed to Roche .and Collier for tl ' ‘ 
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tension developed by the muscle when they are injected during muscular stimu- 
lation. Their effectiveness, however, varies quantitatively as the frequency 
of stimulation is varied. 

a) Low frequencies, up to 150 per minute. Diuretin is the one which has 
the weakest action. llTien 0.50 to 0.60 cc. of a 5% solution of this drug was 
injected into the abdominal aorta it failed in some animals to alter the mus- 
cular tension at all (fig. 1). In others it produced a slight increase of the am- 
plitude of contraction. 


- 1 — 
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Fig 1. Effect of Diuketin, .^minophylun, Theophycun, and Caffeine upon 
Muscolab Contbaction cndeb Indirect Stimelation of the Nerve at 
Low Frequency (155 per Mi.vute) 

Upper tracing- quadriceps muscle Upper line a) intra-aortic injection of 0 5 cc. of 
diuretm; b , intra-aortic injection of 0 5 cc of aminophyllin; c , intra-aortic injection of 
0 5 cc. of tneophj-llin, d , intra-aortic injection of 0 5 cc. of caffeine. Loner fine: time 
in minutes. 

Theophyllin, as well as aminophyllin and caffeine, when injected into the 
abdominal aorta in dosages of 0.50 to 0,60 cc. produced an increase of the mus- 
cular tension in all the animals studied (fig. 1). In some cases the increase 
was slight. When these drugs are listed in the order of their strengthening 
action on the development of tension in indirectly stimulated muscle, from the 
least to the most effective, the order is as follows: diuretin, theophyllin, amino- 
phyllin, and caffeine (fig. 1). 

b) Higher frequencies, up to 20 per second. All of the substances studied, 
nhen injected into the abdominal aorta in dosages of 0.50 to O.GO cc., produced 
a definite mercase in the amplitude of the tension developed by the muscle, 
as can be s-ccn in figure 2. Wlicn their effectiveness is again compared, the order 
which wo had c.stabli=lied for the low frequencies of stimulation is changed, 
as theophyllin is more effective in this range than aminophvllin. The difference 
between them, how ever, is slight (fig. 2). In all the cases studied, the strength- 
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ening effect was of some importance and by no means slight, as it had been in 
some of the cases of low frequency stimulation. 

Effect of dhtreltn, IheophyUin, annnophyllin, arid caffeine on the action 
of prostignune. The amoimt of prostigmine injected into the abdominal aorta 
fluctuated in the various animals studied from 85 to 400 mgm. The effects 
which the drugs under investigation had upon the action of prostigmine was 
more dependent upon the frequency of stimulation than upon the dose of pro- 
stigmine used. 



Fig. 2. Effect oi Dilretin, AMI^•OPHYLI.I^, Theophielin, .\n'D Caffeine on JIescihb 
Contraction endeb Indirect Stimilation of the Muscle mith a High 
Frequence (20 per Second) 

Upper tracing quadriceps muscle 

A . — Upper line signal, onset of stimulation Lower line, time in minutes 

B — Four minutes after A Upper line a , intra-aortic injection of 0 5 cc of diuretin; 
b , mtra-aortic injection of 0 5 cc of aminophyllin, c , intra -aortic injection of 0 5 cc. of 
theophvlUn, d , intra-aortic injection of 0 5 cc of caffeine, signal, end of stimulation. 
Lower line time in minutes 

a) WTien the muscle was stimulated with frequencies lower than 100 per 
minute (ver5'- low frequencies were not studied), the effect of the prostigmine, 
whatever its dosage, was altered differently according to the substance used. 
Under these conditions diuretin consistentlj' produced a pronounced increase 
in the muscular tension accompanied as well by an elevation of the base line 
of the museular contractions (fig. 3). Theophyllin had the same effect as 
diuretin though not as marked (fig. 3). The other drugs, aminophyllin and 
caffeine, increased the depressant action of the prostigmine, although the effect 
of the aminophyllin was at times only scarce. 

b) When higher fiequencies were used, up to 300 per minute, the effect was 
different. All four drugs exaggeiated the depressant action of prostigmine. 
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but diuretin and aniinophyllin did not produce a development of tension. A 
typical experiment is presented in figure 4. In this figure it can be observed tbat 
caffeine has an effect far superior to that of the dimethylxanthines, in so far 
as intensity of action is concerned. In this type of experiment it is not possible 
to ascertain "chich of the dimethylxanthines is the most active. 

When small doses of prostigmine were used and the drug did not markedly 
decrease muscular contraction, diuretin, and more rarely, theophyllin, failed 
in some animals to augment the depressant effect of prostigmine at all. 



Fio. 3 Effect of DicnETis ano Theoph^ lun ov the Ac iox of Pbostiomuje upon the 
Qc\ortceps Muscle Stimulatf.d Indibectlv at a Fbequeexv of 100 per Minute 
Upper tracing- muscle. Upper line- a., intra-aortio injection of 85 micrograms of 
prostigmine, b , intra-aortic injection of 0 50 cc of diuretin; c , intra-aortic injection of 
0 50 cc of theophyllin Loner line, time in minutes 

Fic 4 Effect of Theofkillin, Aminophyllin, Diubetin, anb Caffeine on the Action- 
op Prostigmine upon the Quabriceps Muscle Stimulated Indirectly at a 
FlIEgUENCY of 200 per Mi.vlte 

Upper tracing muscle Upper line: a , intra-aortic injection of 25 micrograms of 
prostigmine (The animal had received previously a 250 microgram injection of prostigmine 
intrn-aortieally) , b, intra-aortic injection of 0 50 cc of aminophyllin, c, intraaortic 
injection of 0 50 cc of theophyllin; d , intra-aortic injection of 0 50 cc of diuretin, e , 
intra-nortic injection of 0 50 cc of caffeine. Lower line time in minutes 

IlL — Effect of diurclin, ihcophyllin, aminophyllin, and caffeine on the action 
of cm ore. The dimelhyixanthincs, like the trimelhylxanthines, have a distinct 
decuianzing effect, although the intensity of action is not equal for all of them. 
When the animal had received a strong dose of curare as in the experiment 
rcpi evented in figure 5 we could observe clearly the comparative action of the 
diug-- I ndcr these circumstances aminophjdlin is inactive, theophyllin only 
shglith '■o, diuretin visibly active and caffeine varv' active. This does not 
mean that aniinophyllin is entirely inactive against curare, for, if the curarizing 
d(i~e it-ell i-- appropriately small, as shown in figure G, this drug does have a dis- 
tuut (lei iiianzing effect. 

lIi^dssioN lyiien one compaics the effectiveness of the dimethyl.xan- 
ihiiie-' .igaiii'-t fatigue uith tlio cffectii cnc.-'S of the trimethyKanthincs, one is 
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led to believe that the differences are quantitative rather than qualitative, 
although the action of the latter is far superior to that of the former. 

In a former studj’ carried out in this department concerning the action of 
l,3,7,trimethylxanthine, it was concluded that caffeine has the property of 
lowering the excitator}’ threshold of acetylcholine (Huidobro and Amenabar). 
It is supposed that for the same reasons applied in the former stud}', the case 
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Fig. 5. Effect of Diuf.etin, Aminophyllin, Theophyllin, and Caffeine on the Action 
OF Curare. Upper Tracing, Quadriceps Muscle Stimulated Indirectly at 
A Frequency of 100 pep Minute 

Upper line: first signal (from left to right), intravenous injection of curare; second 
signal, intra-aortic injection of 0,50 cc. of diuretin; third signal, intra-aortic injection of 
aminophyllin; fourth signal, intra-aortic injection of 0.50 cc. of theophyllin; fifth signal, 
intra-aortic injection of 0.50 cc. of caffeine; sixth signal, intra-aortic injection of aminoph- 
yllin. Lower line: time in minutes. 

Fig. 6. Effect of Aminophyllin, Diuretin, Theophyllin, a.n'D Caffeine on the 
jtcTioN OF Curare. Upper Tracing, Quadriceps Muscle Stimulated Indirectly 
AT A Frequency of 120 per Minute 

Upper line :a., curare intravenouslj' ; b., 0.50 cc. of aminophyllin intra-aortically ;c., curare 
intravenously; d., 0.50 cc. of diuretin intra-aortically; e. O.M cc. of aminophyllin intra- 
ortically; f., 0.50 cc. of theophyllin intra-aortically; g., 0..50 cc. of caffeine intra-aortically. 
Lower line: time in minutes. 


of the dimethjdxanthines is similar, and that they have a quantitatively smaller 
but identical action on the excitatory threshold of acetylcholine. 

Huidobro and Amenabar (1944) showed that the intra-arterial injection of 
caffeine, in doses of 0.007 to 0.035 gm. produces a development of tension in 
resting muscle in some experiments. During the present investigation we 
noted the same response in some instances when a dose of 0.014 gm. was injected. 
When similar doses of the dimethylxanthines were used wp did not at anv time 
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observe a development of tension in unstimulated muscle. This does not mean 
necessarily that in larger doses the dimethykanthines would not produce such 
a muscular tension; in fact there are reasons for supposing that they would, 
as indicated below. In the publication referred to above it was noted that 
the development of tension in indirectly stimulated muscle was more manifest 
and more frequently seen vhen the injection of caffeine was preceded by a dose 
of prostigmine. AVe have again obsen'ed this fact, as shown in figure 4. AA^en 
this definite action of caffeine is compared with the effect of the dimethylxan- 
thines it is evident that some of these drugs behave differently; i.e., diuretin 
and theophyllin have an action quite different from that of aminophyllin (see 
Section II, Results). AVhen muscle is being stimulated indirectly at low fre- 
quencies, diuretin and theophyllin, injected after prostigmine, consistently 
produce an intense and brief development of tension (fig, 3). This does not 
occur on the injection of aminophyllin nor does it occur in the case of any of 
these drugs vhen the muscle is being stimulated at high frequencies (fig. 4). 
By considering figure 3 one might be led to think that diuretin and theophyllin 
have a brief, powerful anti-prostigmine effect. In reality this is not the case. 
The exaggerated increase of tension produced by these drugs actually masks 
an important factor; namely, the fact that the amplitude of the muscular con- 
tractions is decreased. These two drugs, then, do not differ from the others 
in the matter of augmenting the depressant action of prostigmine, but rather, 
they differ in that these two, after a prostigmine injection, when muscle is being 
stimulated at low frequencies, are able to produce a strong development of 
tension which aminophyllin does not produce and which none of these substances 
are able to pioduce when the frequency of stimulation is higher. AVe believe 
that this development of tension resultant from diuretin and theophyllin is 
due to a direct action on the muscle, and that it could be observed in the un- 
stimulated muscle if the quantity of the drugs used were much greater. 

Goodman and Gilman (1941) affirm that the \anthines have a stimulating 
action on skeletal muscle, the strength of their action being, from greatest to 
least: theobiomine, caffeine, and theophyllin Our lesults do not concur with 
those indicated by Goodman and Gilman. AA'e have found that among the 
dings w Inch w ci e studied the ones w hich low ei the excitatory threshold of acetyl- 
choline are, in the oidei of the .stiength of their action: caffeine, theophyllin, 
and theobiomine. AA’e c.annot explain this disciepancy, as the authors make 
then statement mtliout fuitliei elaboiation 

Like caffeine, theobiomine and theophyllin aie insoluble substances. In 
this study caffeine was dissolved in a 4^ solution of sodium benzoate. In the 
cases of the othei two dings, certain .soluble salts were u=ed: theobromine sodium 
salicylate, theo))hyHm sodium acetate, and theophyllin ethylencdiaraine. In 
X lew of this fact the suspicion might exist that the effects of caffeine, theobromine, 
and theophyllin weie not pioduced hx' them but by the sodium benzoate, .sali- 
cylate and acetate and by eihylcncdiamine. In another study it was shown 
that fcodmm benzoate is ineit (Huidobio and .\mcnabar). AA’e beliex'c that 
the i-imilanty of action of tlie-e dings xiewed in the light of their chemical 



386 


F. HUIDOBRO 


similarity is evidence enough to attribute the experimental results to them 
rather than to the sodium salicylate, sodium acetate and eth 3 'lenediamine, 
substances of markedlj' differing composition. 

SUMM.^HY 

In cats anesthetized with nembutal a comparativ^e studj' was made of the 
actions of 1,3,7 trimethjdxanthine (caffeine) and of certain salts of 1 , 3 dimethyl- 
xanthine (theophylline) and 1,7 dimethj'Ixanthine (theobromine), namelv' 
theophyllin sodium acetate, theophyllin ethylenediamine, and theobromine 
sodium salicylate. The study was made of their effects on the quadriceps 
femoris muscle stimulated indirectlj’' at various frequencies (Section I), and 
of their effects on the action of prostigmine (Section II) and of curare (Section 
III). 

It was found that all of these drugs have some effectiveness against fatigue 
and the differences between them are onty quantitative. When listed according 
to the intensity of their action, from least to greatest, thej”^ appear thus: at 
low frequencies: diuretin (theobromin sodium salicjdate), theophj'llin (theo- 
phyllin sodium acetate), aminophjdlin (theophyllin ethylenediamine), and caf- 
feine (fig. 1); at higher frequencies: diuretin, aminophj'llin, theophj'llin, and 
caffeine (fig. 2). 

The effect of these drugs is summated with that of prostigmine (see fig. 4), 
but diuretin and theophj’llin at low frequencies of stimulation produce an intense 
development of muscular tension (see fig. 3 and Discussion). 

All the drugs investigated have a decurarizing action and their effectiveness 
is in ascending order: aminophj'llin, theophj'llin, duretin, and caffeine (see 
figs. 5 and 6). 

The mechanism of their action against fatigue is discussed and it is believed 
that thej' have the propertj' of lowering the excitatoiy threshold of acetj'l- 
choline at the level of the neuromuscular junction. 

REFERENCES 

1. Good.man, L., and a . Gilman-. The Pharmacological Basis of Therapeutics. The 

MacMillan Co., New York, 1941. 

2. Huidobho, F., and .-Vmenab.ar, E. This Jocrn'al: . 194-. 



PHARMACOLOGICAL STUDIES OF SOME BENZOFURANONE 
DERIVATIVES 

R. K. RICHARDS, G. M. EVERETT and K. E. KUETER 
From the Department of Pharmacology, Abbott Laboratories, -yorth. Chicago, Illinois 

Received for publication May 21, 1945 

The search for an antispasmodic drug which would have both a marked 
musculotropic and neurotropic action but without the undesirable side effects 
of atropine has promoted the investigation of many diverse types of compounds. 
This publication deals with the pharmacologj' of some benzofuranone deriv- 
atives,^ ^^•ith particular reference to their antispasmodic effects.^ Chemically, 
this series is a new tjTie which has apparently not been investigated previously. 
Table 1 gives the formulae of a number of benzofuranones and includes some 
of the pharmacological properties of the series. Intraperitoneal toxicity was 
determined in mice. The antispasmodic action was studied on the isolated 
rabbit small intestine by the usual technique. Contraction of the muscle was 
produced by adding either 20 micrograms acetylcholine or 25 mgm. barium 
chloride to the 100 cc. of Ringer-Locke solution in the muscle bath. Atropine 
sulfate in amounts of 0.5 to 1 microgram usually brought about a moderate 
to complete relaxation of the spastic contraction induced by acetylcholine, 
while 1 to 2 mgm. papaverine HCl similarly relaxed the muscle spasm evoked 
by barium chloride. After the response of a particular muscle .strip to acetyl- 
choline or papaverine was determined, different amounts of the antispasmodic 
under investigation were added and the responses compared with those produced 
by atropine and papaverine. In the table the value of 1.0 was assigned to 
atropine sulfate as a relaxing agent against acetylcholine spasm, and, similarly, 
papaverine was considered to have the value 1.0 against bariumchloride spasm. 
The relative activities of the antispasmodics under investigation are expressed 
as fractions or multiples of the standard value. Usually' the atropine-like effect 
against acety'lcholine is considered a measurement of the parasy'mpathotropic 
action, and the papaverine-like action is referrred to as the musculotropic action 
of the antispasmodic. 

A consideration of table 1 makes possible a comparison of various pharma- 
cological properties of the benzofuranone derivatives with atropine, papaverine 
and Trasentin. It is seen that none of the antispasmodics listed are as effective 
against acetylcholine-induced spasm as atropine, the best of the benzofuranones 
being approximately T?ij as active. However, against barium chloride spasm 
(musculotropic action) a number of these compounds were one and one-half 
to two times more effective than papaverine. In contrast, atropine has only' 
one-half the activity of papaverine against the barium chloride spasm. Thus, 

’ These compounds were syntlietized by Dr. A. IV. Weston and Mr. W. B. Brownell of 
Abbott Laboratories, Xorth Chicago, Illinois. 

’ .\ preliminary report appeared in the Federation Proceedings, 1945. 

3Sr 
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TABLE 1 

Bcmofuranone derivatives 
(All compounds as hydrochlorides) 


43 CfiHj 

45 CsHs 


56 CtHs 


5S CjHs 


59 CfiHs 



AsTispASirooic toCAX ANEsrarnc 
ACTIVITY EFFECT 1 % 50E 
• AGAINST ON RABBIT ETE 

ISIIO 

(inez 


Acetyl- o Rbib- irfitr- 
choU^ne BaCl, Uo„.o 


205 n/ia- 1.5- so-so + 

1/15 2.0 

125 1/15 1.5- 15 -H-+ 

2.0 

230 1/25 1.0 20 +++ 


450 1/500 1/2 * +++ 


H CH-CH-NCC.Hs). 

H CH,CH,X(CH,). 

CHi CHiCHsX(C.H.). 

CH-CH, 

/ \ 

H CHsCHiX O 

\ / 

CH-CH. 


CH-CHi 

/ \ 

H CH-CH-OHtX 0 200 1/25 1/2 50 -f- to 

I \ -/ ++ 

CHiCH- 

CHsCH: 

/ \ 

H CH-CH-X CH- I 175 1/10- 1.0 

i \ / 1/20 

' CHiCH: I I 


60 CtJii 

i 

’ CH, 

■ CH.CH,X(C-H,h 

j ISO 

1 

I 

1 

]l.5- 
1 2.0 

' 


C'H— CHcXfC.Hs). 

1 

1 

1 


G6 CeHs 

' H 

1 

' 170 

1/20 

i 2.0 

i 


CH, 

1 

1 

1 

67' CgHs 
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CH..CH,CH.X(C.H,)e 

1 

j 130 

1/10 

' 

i 1.5 

1 

! 

' 

CHiCH— X(C-Hi)e 
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7ol r.Hc 
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TABLE i—Continued 


AP 

0 0 
^\/ \ 

i 1 ‘i 

\y 

^ ll 

APP. 

IX>U 

{UlCE 

IP.) 

AVTISpASilODIC 

ACriV'ITV 

AGAIKSr 
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ETEECT \% sot. 

ON RABBIT EYE 


R 

X 

R' 


Acepl- 

chohiie 

BaCI: 

Dura- 
tion m 
minutes 

Irri la- 
lion 

73 

Cyclo — 

1 C,H„ 

H 1 

CHjCHiKCCjHO, 


I/IO- 

1/15 

1.5- 

2.0 

25 

;+-f+ 

1 

81 

C«H5 

i 

H 

CH,CH,CH,N(C4H,)i 


jl/30 


45 


82 

CeHs 
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CHjCHjNfC.H,), 



jl.O 

5 

+++ 

132 

C.Hi 

H 

CH,(CH,).CHiK(CtHs)i 

|H 



« 

-h-f-t- 


Trasentin 



270 

1/25 

1.0 

10 



Atropine sulfate 


250 

1 0 

1/2 




Papaverine HCl 


225 

l/IOOO 

1.0 




* Too irritating to determine anesthesia. 


some of the benzofuranones possess a remarkable musculotropic action as well 
as a substantial neurotropic effect. 

A number of these compounds also show local anesthetic action, a property 
often associated with antispasmodic drugs (Crohn, et a!. (1)). The duration 
of anesthesia induced by AP 43, AP 58, and AP 75 is comparable to that obtained 
with Butyn, but the latter is somewhat less irritating. 

Among the more promising members of the group, 3(beta.diethylaminoethyl)- 
3-phenyl-2-benzofuranone HCl, in the following referred to by its code number 
AP 43, was studied most e.xtensively. Reference is made also to AP 73, which 
contains the cyclohe.xyl ring instead of the 3-phenyl ring. 

Toxicity and pate of ap 43. 1. Acute toxicity. Table 2 gives the data 
on AP 43 in mice obtained by various routes of administration, and also data 
on rabbits and dogs. In the latter species, the lethal dose was not determined, 
but the general effects of AP 43 by intravenous and oral route were obseived' 
The general symptomatology of AP 43 in toxic doses is that of a con- 
xnihant. The animals become excited, tremble, jerk and finally tonic-clonic 
convulsions appear. Symptoms appeared immediately upon intravenous in- 
jection; after oral administration approximately 20-30 minutes elapsed before 
maximum simiptoms became apparent. On fatal doses given intravenously 
the animals die in a few minutes and with oral administration, within one or 
two hours. Delayed deaths occur rarely. The cair=e of acute death is re- 
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spiratoiy paralysis Occasionallj', the convulsive phase mil be bnef or even 
absent, and a marked depressant action becomes apparent This was obser\ ed 
more frequently m dogs after oial administration than in any othei species 
As can also be seen from table 2, non-hj-pnotic doses of Xembutal permit dogs 
to tolerate otherwise com ulsive doses of AP 43 mthout sj'mptoms In dogs 
vomiting occurred occasional!}' after the administration of laige doses by mouth 
The toMcity and symptomatology was essentially the same for AP 73 as for 
AP 43 


TABLE 2 
Toxicity of AP 4S 


SPECIES 

NO 

AMITALS 

USED 

. MODE or 
ADMZKIS 
TRATION 

1 

j IDiO* 

! 

S\MPTOMS 




wf m jkgn 


Mice 

167 

1 p 

205 



133 

subcu 

395 



185 

oral!} 

660 


Rats 

44 

onll} 

600 


Rabbits 

40 

1 

subcu 

250 



1 13 

1 ^ 

23 2 







Dogs 

' 2 

1 V 

5 0 

No effect 


2 

1 V 

10 0 

1 slight convulsions 


4 

1 1 ^ 

15 0-20 0 

Convulsions, recover} 


3 

1 \ 

20 + 10-15 nembutal 

No con\ ulsions 


4 

orally 

100-200 

1 \omited 


3 

orallv 

300 

Depression m 1 


4 

oral!} 

400-S00 

Vomiting in 2 (1 on 400 and 1 on 





800, all recovered ) 


* The LDso nas determined bj graphic interpolation betneen the two values closest to 
50% mortahtj 


2 Chrome toxicity Three rabbits were injected daily subcutaneously vith 
25 mgm /kgm and three with 50 mgm /kgm. AP 43 for 31 da}s Three of 
the animals gained weight during the course of the e\penment and the others 
lost slightly There w ere no significant effects upon the blood picture, and urine 
examination was negative 

Histological examination was made on three animals of this group and no 
pathological change was seen m the hearts, kidne}S, and livers 

A more extended chronic toxicity expenment was conducted on eight rats 
which were fed 25 mgm /kgm by stomach tube daily for seven weeks Mone 
of the animals died and the average weight increased considerably No effect 
upon the blood was noticed and urine exammation was negative at the end of 
the experiment with the exception of a trace of albumin. 
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Two dogs weighing 4.5 kgm. each and one weighing 9.1 kgm. were injected 
Uice daily subcutaneously with 100 mgm. of AP 43 for the period of three 
months. One of the small dogs occasionally had a short attack of convulsions 
after the injection. Otherwise, all dogs remained in good health and gained 
weight. Blood and urine examinations revealed normal findings. One of the 
ATiimak was killed at the end of the e.xperiment. There was no gross patho- 
logical change; a moderate degree of cloudy swelling was present in the liver 
and kidneys, fat stain of the liver was negative. 

S. Fale of AP 43. Two dogs weighing approximately 6 kgm. each were in- 
jected subcutaneously with 150 mgm. AP 43. Urine was obtained by catheter- 
ization 3, 6, and 20 hours after administration and analyzed for AP 43 by the 
procedure described by Lehman and Aitken (2) for Demerol. The total e.x- 
cretion was 0.224 mgm. for one and 0.285 mgm. for the other dog; the last sample 
being practically completely devoid of the drug. This indicates that AP 43 
does not appear in the urine to any significant extent. 

A group of 12 rats was injected for three consecutive days with 0.75 cc./kgm. 
of carbon tetrachloride which produces a marked degree of liver damage. These 
lats showed no change in their sensitivity to AP 43 as the intraperitoneal con- 
vulsive and lethal dose was the same as in normal animals. Similarly, removal 
of both kidneys in rats did not influence the convulsive or lethal dose. 

Aktispasmodic action 1. Effects on isolated smooth muscle. The results 
obtained on isolated strips of rabbit intestine have been mentioned and are in- 
cluded in table 1 . The action of AP 43 on spontaneous activity and upon acetyl- 
choline and barium chloride-induced spasms is shonn in figure 1. 

Studies were also made on the isolated dog ureter, using essential^ the same 
technique as given bj' Slaughter (3). Normal activity was sluggish with oc- 
casional contractions at one to three minute intervals. Addition of 1 cc. of 
1/1000 Epinephrine to the 100 cc. bath increased spontaneous activity, with 
a marked increase in rate of contraction (fig. 2). Upon adding 10 mgm. AP 
43, complete inhibition of activity resulted. After washing, spontaneous activity 
was once again restoied. Similar results were obtained when 1 cc. of posterior 
pituitarj' extract (10 international units) was used to stimulate rh 3 dhmic con- 
tractions. 

Excised strips of uterus from virgin rabbits were suspended in a 100 cc. oxj-- 
genated Ringer bath at 37.5°C. Introduction of 0.25 cc. of l:2o00 solution 
of posterior pituitaiy extract produced a temporary' spasm. The addition of 
10 mgm. AP 43 prior to pituitary extract reduced the spasm approximately 
one-half. 

In other experiments, one horn of the guinea pig uterus was used. .Addition 
of 2 mierogranis of histamine phosphate to the bath resulted in a spasm lasting 
approximately 5 minutes. Introduction of 4 mgm. AP 43 at the peak of the 
contraction resulted in an immediate and complete relaxation. Doses of 1 mgm. 
AP 43 reduced the spasm by one-third. In comparison, 1 mgm. atropine 
reduced the spasm by 75% and 2 mgm. papaverine was equally effective. 

S. Action on the G.I. tract in vivo. A. Stomach — Bnicke, et al. (4,5) reported 
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that the section of the vagi in the rabbit results in a spasm at the cardiac sphincter 
which could be relaxed by atropine, epinephrine, etc. These obsen’ations were 
confirmed in our experiments. Further work revealed that 0.5 to 1.5 mgm. 
of eserine injected intravenously would repeatedly produce a spasm and thus 
make possible antispasmodic studies on several drugs in one preparation. Rab- 
bits were anesthetized with urethane. A tracheal cannula was inserted. A 
cannula was also put into the distal end of the esophagus and a second cannula 
placed in the stomach near the greater cunmture. The cannula entering the 
esophagus was connected to a burette, which was in turn connected to a reser- 
voir bottle, by means of which the burette could be filled to any desired level. 
Before each reading the burette was filled to the same point with saline from 





Fig. 1 — A 


the resenmir bottle, the bottle was clamped off, and the fluid from the burette 
allowed to run into the esophagus. The amount of fluid which ran out of the 
burette in a given time, either 0.5 or 1.0 minutes, determined the degree of 
spasm of the sphincter. 

Following section of the vagi, which usually resulted in some spasm of the 
sphincter, an amount of eserine was injected intravenouslj' to cause a complete 
spasm, the dose varj'ing from 0.5 to 1.5 mgm. Then the antispasmodic was 
injected. The eserine dose was repeated after each dose of antispasmodic. 
Readings were taken appro.ximately every three minutes. Since the duration 
of action of eserine itself is rather short, control e.xperiments using eserine alone 
were carried out. It was necessary to increase the eserine dosage as the e.x- 
periment progressed in order to obtain a full spasm. In three experiments 
250 micrograms AP 43 was effective in reliei’ing the eserine spasm. Atropine 
was effective in doses of 10 micrograms. 250 micrograms of Tra.=entin was 
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c 

Fig 1. Antispasmopic Action- ON I'soi.vtf.d Rabbit Ilecm 
(Suspended in 100 cc. Ringer Batli) 

A (1) Acetylcholine. 20 gamm.s (2) .\P ^3. 10 gamma (.3) IVaslicd. (4) Acetyl- 
choline, 20 gamma (5) Vlropme. I gamma (O' \Vaslied 

11 (1) Bal'l:. 25 mg (2) Papaverine, 1 mg (31 Washed, fresh Ringer added (4) 
BaCl;, 25 mg (5) AP 43. 0 a mg (0) Washed 

C (IlAl’43, Img (2) Washed (3' \P 43. 2 mg (4) Washed (51 .VP 43. 5 mg. (61 
Washed (7)\P43,3mg 
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slightly less effective than AP 43, while papaverine in doses of 1 mgm. had no 
antispasmodic effect. 

Observations of gastric motility were obtained on unanesthetized dogs having 
a total gastric pouch, in which the cardiac end of the stomach had been resected 
and closed and the pyloric opening brought to the outside. Continuity of the 
intestinal tract was restored by anastomosis of the cardiac end of the esophagus 
to the side of an upper jejunal loop. In two such dogs, a balloon was inserted 
and stomach activitj’’ recorded with a water manometer. Injection of 2.5 mgm. 
AP 43 reduced normal tone slightly, and 12.5 mgm. AP 43 greatlj' reduced 
peristalsis and stomach tone. As shown in figure 3, the intravenous injection 
of 0.75 mgm. arecoline hydrobromide produced an intense spasm lasting several 
minutes. Ten minutes later, an injection of 12.5 mgm. AP 43 followed in five 
minutes by 0.75 mgm. arecoline resulted in only a very slight spasm. Twenty 



Fig. 2, The Effect of .VP 43 os Ureter 

Evcised dos ureter in 100 cc. IlinRer bath. (1) .-Vddition of 1 cc. of 1:1000 Epinephrine. 
(2) Addition of 10 mg. .AP 13. (3) Washed. 

minutes after the AP 43, injection of 0.75 mgm. arecoline once again produced 
a marked spasm. 

B. Small Intestine — A comparative studj’' of the antispasmodic drugs was 
made in five dogs having Thiry Vella fistula loops. A total of 20 experiments 
were made. Tracings of normal activity showed continuous marked peristalsis. 
Injection of 2.5 to 10 mgm. of AP 43 reduced or complete^' abolished activity. 
Standardization tests revealed that arecoline was the most useful spasmogenic 
agent, since the spasm produced occurred promptly and was highly reproducible. 
Dosage was 0.5 to 1.5 mgm. given intravenously, depending on the weight of the 
animal. These dogs ranged from 10 to 25 kgm. After injection the dogs showed 
signs of restlessness, salivation and retching. On two occasions a short con- 
■\nlsive seizure was obseix'ed. A tj-pical tracing is shown in figure 4. Within 
10 seconds of the injection, a pronounced spasm of the intestine resulted, which 
persisted for two to three minutes with a gradual return of normal activity. 
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Injection of 10 to 30 mgm. AP 43 at the peak of the spasm caused an immediate 
drop in tone to normal evels- When AP 43 was injected before arecoline, no 
or only a slight spasm was obsen’ed. Excitement and retching were also abol- 
ished. With this type of experiment, one may estimate the duration of action 
of AP 43 by repeating injections of arecoline at inten'als after a single dose of the 
antispasmodic and determining the time at which a full arecoline spasm can 
again be obtained. It was found that a dose of 10 mgm. AP 43 maintained 



Fig 3 Uxanesthetized Dog Totai. Stomach For ch Bm-loov Recobdixg 
All injections intravenouslv. (1) 0 75 mg arecoline. (2) 20 mg .\P 43. (31 0.75 mg. 
arecoline (4) 0 75 mg arecoline. 



Fig 4 Tiiinv Vella Fistula Dog Balloon- Recording 
All injections intravenouslv (1) 1 mg arecoline (2) 1 mg. arecoline. (3) 15 mg. 
AP 43 (4) 1 mg arecoline (5) 1 nig arecoline. 

Its antispasmodic action for approximately 30 minutes. Similar spasmolytic 
activity was observed with AP 73 and atropine. However, atropine is more 
powerful; the effective dosage was 0.5 to 1 mgm, Comparath-e evaluation 
of these throe drugs show's that atropine has 10 to 20 times the spa.smolj-tic 
activity of .AP 43 and AP 73 AYith appropriate dosage, however, they were 
all highly effccth-e in antagonizing arecoline spasms. 

Studies wore aPo made on three decerebrate cats living the Babkin method 
(0) for recording intestinal actiA-ity. The animals were immersed in a constant 
temperature saline bath and segments cf the inte.stine in vivo were cannulated 
and filled with sesame oil. Activity was recorded by means of a water manom- 
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Studies it was found that 1.5 mgm. AP 43 would reduce or 
prei en e spasm m need by 0.1 mgm. arecoline in much the same wav as 
obseiA-ed m the Thiry Vella dogs. 

double fistula dogs (both Thio' Vella 
on J Simultaneous records were obtained of the small intestine 

• , injection of 1 mgm. arecoline causes a marked spasm 

In intestine and colon lasting appro.vimately five minutes, as shown 

gure . e injection of 10 mgm. AP 43 followed in one minute bv 1 mgm. 
recolme reduced the spasm to approximately one-half in the small' intestine 

■ ., ° colon. Some spasmolj’tic action is still present 

m the colon response to arecoline twenty minutes later. A full spasm in both 



I 



Fig. 5 V-xasesthetized Doc, Snrt LrA.vBoi's B\i.loo.\ Hecobdixt. from Colo.x axd 
- /mm Fistuhe. Intraven-ocs Injection's 

1 nig. arecoline! ° ^ ^I'eroline. (-t) I mg. arecoline. (3) 


small intestine and colon was again obtained 35 minutes after AP 43. In other 
expenments,^four dogs with cecostomies were used. Spasm was induced by 
^ ° mgm./kgm. morphine injected subcutaneous!}'. This 
rffiiilted m a marked sustained tone which was partially reduced by 15 mgm. 
o - 3 (see fig. 6). AP 73 in an equal dose produced similar effects, .\tro- 

pme nas also only temporarily effective in reducing the spasm. The first injec- 
tion of any of these antispasmodics after establishment of the moiphine spasm 
uas usualij' effective. Howei'er, after the spasm had recurred, further admin- 
istration of any of tliese drugs was much less effective. Quantitative ei’aluation 
of antispasmodic activity in such e.xperiments is thu.s difficult. Atropine, how- 
ever, uas usually the most reliable in temporarily lelaving the spasm. The 
difficulty in obtaining an adequate antispasmodic action against moiphine 
spasm of the dog colon has aho been observed and emphasized by Atkinson 
et al. (7). 
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Fig. 6. Colon Fibtola Dog 

(1) 0.7S mg./kg. Morphine subcutaneously. (Drum stopped for ten minutes until spasm 
established. (2) IS mg. AP 43 intravenously. 









Fm 7 Dor.,>sEMni*T«iLAN’b^THEsiA, Blood PB2<5*;rnB From Carotid Artery Balloon' 
IlicoRDjNr, DlstTendino Colon All IvjLcriovb Intranen'ously 
(1) 0 5 me arocohne (2> 10 mg AP ^3 <3-7) 0 5 mg arcrolme at each injection. 

(S>U)mR AP -13 tO'lDOomg arcrohne nl each injection 

In tuo experiments, dogs under Nembutal anesthesia ucic prepared for blood 
pro'-sure recording from the carotid artery, and a b.alloon was inserted into 
the loucr colon mu the tectum. As t,bo\nt in figtire 7, the injection of 0.25 
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mgm./kgm. arecoline intravenously caused a marked colonic spasm and a fail 
in blood pressure of SO mm. Ten minutes later, 10 mgm. of AP 43 were injected 
slowly. No change in the tone of tlie colon or blood pressure occurred. Then 
0.25 mgm./kgm. arecoline was injected. No spasm appeared in the colon, 
but blood pressure fell 40 mm. Twent 3 ’' minutes later, another injection of 
0.25 mgm, arecoline was given, which resulted in a colon spasm and fall of SO 
mm. in blood pressure. A second injection of 10 mgm. AP 43 resulted in a 
pronounced antagonism of arecoline spasm for 30 minutes. 

Three dogs were starved for 24 hours and given an enema to eliminate fecal 
matter. Then, under Nembutal anesthesia, they were prepared for study of 
gaseous pressure changes in the colon.’ This was done by appb'ing a nibber 


I 




Fig. 8. Rela.xi.vg .Action of -AP 43 o.n Air I.vflated Colon 
Dog, light nembutal anesthesia (see text formcthodl. At 1, 20 mg. AP 43 injected. 


pad to the anus with rubber cement, so that no gas could escape. The colon 
was then distended with 200 cc. of air bj' a rubber tube fi.xed in the center of 
the glued pad. Pressure changes were recorded by means of a water manometer. 
Figure 8 is t 3 ’pical of the activit 3 ' in the colon after the injection of air. In- 
travenous injection of 20 mgm. AP 43 caused a marked decrease in activit 3 ’ 
and pressure, which is indicative of rela.xation of the colonic musculature. 
Twent 3 ^ minutes after injection of the antispasmodic, normal activity returned 
abruptl}'. 

Action ox uterus in situ. The effect of 100 mgm. AP 43 given intraic- 
nouslj' on the uterine contractions in a severe case of d.vsmenorrliea is shown in 
figure 9. The method used has been described b 3 ' Bickeis (8). Similar records 
were obtained with intramuscular injection, but the onset of antispasmodic 

I This inethoii urns developed by Dr. F. It. Slrpgerd.i. Dept, of Physiology, Dniversity 
of Illinois, Urb-ma, Illinois. 
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effect was slower. With the cessation of rhythmic contraction the patient 
was completely relieved of painful symptoms.'* 

Local anesthetic and irrit.ation tests. Topical local anesthetic action 
was determined by instilling 1 cc. of a 1% solution into the rabbit’s eye and 
at intervals of 1 to 5 minutes testing for the irink refle.v by touching the cornea 
■nith a probe. Duration of anesthesia and degree of irritation of the benzo- 
furanones are recorded in table 1. AP 43 showed prompt marked local anes- 
thetic action. In 10 tests the reflex was abolished for 30 to 80 minutes, compared 
with 30 to 40 minutes for Butyn sulfate. In equal concentration the latter 
was somewhat less irritating. Two tests in human subjects revealed that 
instillation into the eye of a 1 or 2 per cent solution of AP 43 (buffered to pH 
7) caused transitory pain, until anesthesia set in. 

Further studies for local anesthetic action were made using a modification 
of the guinea pig wheal test described by Rose (9), in which the animals are given 
20 mgm./kgm. nembutal i.p. as a light hypnotic. This prevents the development 
of a conditioned reflex to the buzz of the inductorium but does not interfere 
■'lith the muscle reflex or vocal response to effective stimuli. The action of 



Fig 9 Spasmolytic Effsct of AP 43 ox Human Utlrus 
Uterine contractions of a woman with severe dysmenorrhea. Balloon recording. At 
arron, 100 mg .IP 43 given intravenously 


local anesthetics is somewhat prolonged with this method but by using procaine 
as a standard in each animal, comparative values for the drugs tested can be 
determined. 0.5 cc, of a 1% solution of AP 43 was injected intradermally 
and compared with equal concentrations of procaine HCl. AP 43 was found 
to have a prompt local anesthetic action lasting CO to 80 minutes, as compared 
with 40 to 55 minutes for procaine. The site of injection of AP 43 shoved 
moderate tissue iiritation. Intradcrmal tests made in humans revealed that 
the injection of 0.5% of AP 43 resulted in a biief disagreeable initial stinging 
sensation before local anesthetic action became manifest. In tvo human sub- 
jects the duration of anesthesia at the site of injection of 0.07 cc. of 0.5% solution 
vas 41 and 42 minutes for .VP 43 and 18 and 22 minutes for procaine HCl. 
AP 43 was slightly more irritating, but no tissue damage resulted. 

Further studies using the sciatic nerve block method of Shakell (10) in G 
guinea pigs showed that 0.25 cc. of a 1% solution of AP 43 induced anesthesia 
lasting 59 to 100 minutes as compared with 23 to 24 minutes for two procaine 
controls There was no evidence of damage to the nerve, since the transitory 
motor paralysis disappeared together with the ane3thc.«ia. .Vutopsy of rabbits 

•The .nilliors are indebted to Dr tVm Bictcrs for this observation and the permission 
to use figure S 
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24 hours after an intramuscular injection of 1 cc. of a 5% solution showed com- 
plete absorption with no significant tissue damage apparent. Subcutaneous 
injection of this solution resulted in transitory local edema. 

Study of side reactions. Salivary secretion. One of the disagreeable 
side effects resulting from therapeutic doses of atropine is a marked dr3'iag of 
the mouth which results from an inhibition of salivarj’’ secretion. Studies 
were imdertaken to see how AP 43 and AP 73 compared with atropine in regard 
to this effect. These experiments were made on rabbits given 1 gram/kgm. 
of urethane bj*' mouth as a sedative. Salivary secretion was stimulated by 
the intramuscular injection of 5 mgm./kgm. pilocarpine HCI, and the saliva 
volume was measured at half-hour intenmls for two hours. A few daj's later, 

TABLE 3 


.inlagonism of salivary secretion by AP 4S, AP 7S and atropine 


! 

NO. OF KABBITS 

ANTISPASMODIC 

DOSE 

PltOCASPINE 

AVXRACE SA1I^'A*V 
VOI.DVIE PER 
ANlMAL/BOtTR 

5 

1 Control 

tnsm./kim. %. m. \ 

\ 

mtm.lhtm. 

5 

■■ 

8 

I Control 

1 

5 


8 

1 Control 

j 

5 


5 

^ Atropine 

0.3 

5 

! 0.9 

6 

.itropine 

' 0.5 

5 

1 1.2 

8 

I -Atropine 

i 1.0 

t 5 

3.0 

6 

Atropine 

' 3.0 

I 

5 

1 6.5 

i 

11 

AP 43 

! 3.0 

I 5 

t 28.1 

^ 1 

AP43 

' 3.0 

5 

26.0 

11 

1 

AP 73 

3 0 

5 

26.0 


the same rabbits were again given the previous dosage of urethane and pilo- 
carpine plus a simultaneous intramuscular injection of 3 mgm./kgm. of the 
antispasmodic. The results are summarized in table 3. 

From these data it is evident that AP 43 and AP 73 in a dose of 3 mgm./kgm. 
have no inhibitoiy action on the rate of salivaiy flow induced b^' pilocarpine. 
In contrast, atropine e.xerted a profound inhibitorj' effect, reducing the salivary 
flow b3' 90%, even with doses 10 times less than AP 43 or AP 73. 

Mydriatic action. Pupillar3" dilatation is another side effect of atropine 
which limits its usefulness as an antispasmodic. Studies were undertaken to 
compare this series of antispasmodics with atropine. In cats imder light Nem- 
butal anesthesia, gradual^" increased doses of these drugs and atropine were 
injected intravenousb' until a measurable pupillar3' dilatation was observed. 
In all instances the pupils were exposed to a constant light source at a distance 
of 12 inches from the e3’es. A stud3' of table 4 shows that AP 43 is approxi- 
mately 100 times less active as a m3'diiatic .agent than atropine. Topical myd- 
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riatic effect obtained by instillation was also determined in cats. Several 
instillations of a solution of 1 part in 100,000 of atropine resulted in a dilation 
from a normal of 1 mm. to a horizontal diameter of 3 mm. A 1 ‘.10,000 solution 
caused dilation from a normal of 2 mm. to 8 mm. in one hour. A 1 ; 100 solution 
of AP 43 caused dilation from 1 mm. to 5 mm. diameter, while a 1:20 solution 
of AP 43 caused no greater effect. A 1;50 solution of AP 73 also caused a dis- 
cernible dilation. 

Cardiovascular effects. AP 43 and AP 73 show a brief vasodepressor action. 
In doses of 1 or 2 mgm./kgm., a transitory fall in blood pressure of 40 to 60 
mm. occurred in 3 cats and 5 dogs under Nembutal anesthesia. The magnitude 
of the blood pressure drop is largelj’- dependent on the rate of injection. These 
falls in blood pressure occur in atropinized or vagotomized animals, therefore, 
the effect is not mediated through the parasympathetic nervous sj'stem. Two 


TABLE 4 


Mydrtalic activity of AP 4^ and atropine 



experiments on the perfused rabbit’s ear clearly showed the peripheral vaso- 
dilator action of AP 43. The rate of flow increased 40% with injection of 5 
mgm. AP 43 Injection of 1 microgram epinephrine resulted in a vasocon- 
striction and reduced flow approximately 35 to 50% below normal. Simul- 
taneous injection of 1 microgram epinephrine and 5 mgm. AP 43 resulted in 
no change from normal indicating a mutual antagonism between the two drugs 
on the peripheral vessels. 

It is well knomi that atiopine paralyzes the parasmypathetic nerve endings 
so that stimulation of vagi or injection of acetylcholine no longer produce a 
vasodepressor response. This action manifests itself clinically as an undesir- 
able tachycardia. Three dogs under Nembutal were prepared for carotid blood 
pressure recording. The vagi were severed and the distal ends stimulated 
electrically Voltage was varied by means of a Haiward inductorium. After 
establishing the voltage noces.sary to produce a 30 to 50 mm. fall in pressure, 
the drugs were injected intravenously and then vagal stimulation was repeated. 
With doses of 200 micrograms/kgm. AP 43, no inhibition of vagal action was 
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noted. However, 10 micrograms/kgm, atropine caused a marked decrease 
in vagal effect even with the voltage increased to double the original value. 
Because of the difficulties in getting constant responses to stimuli of the same 
intensity, it was not possible to obtain comparative data in every test. How- 
ever, atropine in all instances was definitely more inhibitory than AP 43. Ex- 
perimental studies with the method of Fromherz (11) using injections of 
acetylcholine gave highly consistent results and made more accurate compar- 
isons possible. A typical tracing is shown in figure 10. It is seen that 200 
micrograms/kgm. AP 43 has a short inhibiting action on acetylcholine response, 
equivalent to the action of 2 micrograms atropine. Thus, atropine is approxi- 
mately 100 times more inhibitorj' than AP 43. AP 73 was found to be similar 
to AP 43. Studies of three Straub frog heart preparations revealed that 1:1000 
of AP 43 caused a gradual slowing of the heart nith final cessation of ventric- 
ular beats with a tendency to systolic contracture. The auricles continued 
to beat at a much reduced rate for a ivhile. At this stage reversibility was 
bill}' partial with some return of auricular and ventricular activity, but still 
at a rate far less than normal. 

Electrocardiographic studies were made in two dogs. After obtaining a 
normal tracing, under 25 mgm./kgm. Hembutal, 10 mgm./kgm. AP 43 were 
injected intravenously. The heart rate increased from 126 to 144 per minute. 
The only observable change in the record was a slightly more positive T wave 
in lead II. Studies were also made with the Hamilton manometer. Injection 
of 2 mgm./kgm. AP 43 intravenouslj' in an unanesthetized dog caused a tran- 
sitory fall in blood pressure of 20 mm. No significant change in heart mte 
was noted. 

Anti-histauixe actiox. Since AP 43 was effective against barium chloride- 
induced spasm and antagonized the histamine contraction on the isolated 
guinea pig uterus, its possible usefulness as a bronchio-dilator was studied. In 
these experiments, Tainter’s (12) modification of the method given by Sollmann 
and ^•on Oettingen was used. The rate of flow of the perfusion fluid was used 
as an index of bronchio-constriction or dilation. Spasms of the bronchi were 
induced by injecting 50 to 500 micrograms histamine phosphate into the per- 
fusion cannula. The resulting spasm was maintained for periods of 20 to 30 
minutes. Howei’cr, the injection of 1 to 5 mgm. of AP 43 as soon as the histamine 
effect was maximal resulted in a marked sustained bronchio-dilator action. 
In comparative experiments, AP 43 was more effective than an equal amount 
of theophylline. Epinephrine was an effective bronchio-dilator with doses of 
50 to 100 micrograms. 

The antagonism of anaphylactic shock was studied in 12 guinea pigs, which were 
sensitized bj' the intraperitoneal injection of .1 cc. of human serum. Twenty- 
one days later, 0 of the pigs were given .2 cc. of human serum intracardially. 
Five of the 6 showed marked anaphylactic symptoms, and 3 of the group died. 
In the other G pigs, 20 to 30 mgm. of AP 43' was injected slowly intracardially, 
followed in 5 minutes by the injection of .2 cc. of human blood serum. Marked 
symptoms were seen in only one animal, which died. The other 5 shoned but 
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slight symptoms and recovered. The intracardial injection of 7 mgm./kgm. 
AP 43 prior to an established fatal dose of histamine phosphate (0.4mgm./kgni.) 
prevented histamine shock in 2 guinea pigs. Symptoms of bronchial spasni 
were not obsen'ed. Blood pressure studies in three cats under Nembutal 
revealed a transitorj' antagonistic action of AP 43 against the vasodepressor 
effect of histamine. Injection of 1 microgram of histamine caused a fall in 
blood pressure of 50 mm. while one minute after 2 mgm./kgm. AP 43, 1 micro- 
gram of histamine had no effect. One mgm./kgm, AP 43 reduced the histamine 
action by one-half. This action is short-lived, since full histamine depressor 
action is present again within 5 to 10 minutes after AP 43. From these ex- 
periments, it appears that AP 43 has a general antagonistic action against 
histamine effects. However, it is difficult from the data at hand to evaluate 
this action in comparison with other drugs. 

Discussion and summary. A variety of methods have been used in this 
study with the idea of characterizing the pharmacological action of these benzo- 
furanone derivatives and to make comparisons with such well-known drugs 
as atropine and papai'erine. 

The preliminary tests using isolated segments of rabbit intestine have been 
found useful in determining antispasmodic activity. Although the use of these 
fn vitro tests have limitations due to the artificial conditions imposed on the 
muscle, such experiments have in this series given a reliable inde.x of anti- 
spasmodic activity. This is clearly indicated by the close correlation of the 
relative effectiveness of the drugs against acetylcholine in these tests, with 
the values obtained in m vivo experiments using arecoline. 

Among the most reliable tests for antispasmodic activitj’ are those made on 
fistula dogs. Since anesthesia is not necessary, the possible synergistic action 
of hypnotics with antispasmodic drugs is avoided. Further, the other sj’mp- 
toms produced by arecoline and the antagonistic action of the antispasmodic 
drugs on these can also be obsen'ed. 

The necessit3' of inducing a spasm which may be repeated, has lead to the 
use of several dmgs for this purpose. Mecholjd has been used bj' Clark et al. 
(13) in Thirj' Vella fistula dogs. In the present report, arecoline has proven 
highly satisfactory as a spasmogenic agent in studies of the stomach, intestine 
and colon. Thisdrug, like pilocarpine, is believed to act on thosesmooth muscles 
which are innen'ated b\' cholinergic fibers (see Dixon (14)). Its advantages 
are the constancj' of the spasm produced and its short duration (approximatelj' 
five minutes). In spasmogenic doses it causes some signs of central stimulation 
such as excitement, but these reactions are seldom so severe as to interfere with 
the experiment. Bj' giving both the arecoline and the antispasmodics intra- 
venoush', variables of absorption and destruction bj' tissues at the site of in- 
jection are eliminated. 

In studies on colon fistula dogs, morphine was used to induce a spastic colon. 
This method is generally unsuitable for accurate appiaisal of antispasmodics 
for several re.asons. First, the spasm induced bj' morphine is prone to wide 
and variable fluctuations of tone. Second, the spasm is verj' difficult to break 
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by aiitispasmodic drugs in doses which do not cause excessive side reactions, 
i,e., excitement, convulsions, etc. Third, the response to the same drugs may 
varj' during the course of the experiment, usually being less effective on suc- 
ceeding injections. 

Throughout these studies on the gastro-intestinal tract there was a generally 
consistent ratio of activity, the effective dose of AP 43 being approximately 
10 to 15 times that of atropine. 

The powerful local anesthetic action of some of these benzofuranones is a prop- 
erty shared by a variety of antispasmodic drugs, Crohn, et al. (1); Lehmann 
and Knoefel (15, 16). The possible importance of the topical anesthetic action 
of antispasmodics when administered orall 3 is particularly emphasized by the 
work of Crolm, et al. (1). However, in the present study it may be noted from 
table 1 that there is no evidence of a .strict correlation between local anesthetic 
and antispasmodic actirdty. 

The four most distressing side leactions of atropine in therapy are central 
excitement, mydriasis, tachycardia (due primarily to a loss of vagal effects), 
and xerostomia resulting from the inhibition of salivary secretion. 

In the mice the symptomatologj' and MLDso of atropine and AP 43 are similar. 
They both act on the cential nen'ous S 3 'stem to produce excitement and con- 
vulsions. In dogs, the CNS effects of AP 43 are alleviated by non-sedative 
doses of Nembutal. Concerning the other side reactions, the experiments on 
mj-driatic activity indicate AP 43 is approximately 100 times less active than 
atropine. The same ratio was found foi the inhibition of acetylcholine and 
vagal effects on blood pressure in cats and dogs.. If one compares the anti- 
spasmodic activity of AP 43 and atropme to the side reaction activity of these 
drugs, they are in a ratio of ten to one in favor of AP 43 not producing side 
reactions in therapeutic doses. 

The studies on isolated guinea pig lungs shoued that AP 43 is effective against 
histamine spasm. This b siippoited by in vivo expeiiments in which AP 43 
protected the animals against histamine and anaphj'lactic shock. 

Preliminary clinical trials indicate that AP 43 possesses antispasmodic activity 
in humans. Pnnee and Richardson (17) have recently demonstrated its effi- 
rary in the treatment of meteral and bladder spasms. Side effects have been 
( hiefiy refeiable to central stimulation. 

Achiiowkd^n'cnls'. The authors are indebted to Drs. F. R. Steggerda and 
R. f ’. Coit^ll iiji conducting some of the experiments, to E. 0. Knieger for dotcr- 
tnming AP 43 m nunc, and to Mrs. Lney Johnson for teehnical assistance. 

Addenda: “Ameihono” has been tentatively appioved as a trade name for 
AP 4?. 

COXCWJSIOKS 

1. A rev. chemical series, the benzofuranones, have been investigated and 
Rliowm to hare antispasmodic action. Among tlic best of the compounds, 3- 
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(beta-diethylaminoethyl)-3-phenyl-2-beiizofuranone HCl (AP 43) shows approx- 
imately A to the activity of atropine against acetylcholine and twice the 
activitj’’ of papaverine against BaC3: spasm of isolated rabbit ileum. 

2. The duration of local anesthetic action of AP 43 is equal or superior to 
Butyn and Procaine. 

3. Studies in dogs with stomach, Thiry-Vella and colon fistulae using arecoline 
as a spasmogenic agent showed AP 43 to have approximately rs the anti- 
spasmodic activity of atropine. AP 43 also temporarily reduced morphine 
spasm of the colon in dogs. 

4. AP 43 was effective against histamine spasm of perfused guinea pig lung 
preparations and also reduced or prevented symptoms of anaphylactic shock 
when given prior to the shocking serum. 

5. In comparative studies of side reactions, AP 43 shows only a fraction of 
the activity of atropine as a mydriatic on the pupil, on the inhibition of salivation, 
and the inhibition of vagal and acetylcholine action on blood pressure. 

6. The methods and their usefulness are evaluated. 

7. Clinical trials have confirmed the antispasmodic activity of AP 43 in 
humans. 
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